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Abstract: : In our paper, we attempt to verify the best etching conditions of CR-39 track detector given by two duration
exposure times at (5 and 15sec) by 22°Ra alpha source using three techniques for heating etchant chemical solvent, which
are the traditional heating technique using a water bath, ultrasound and microwave. Several cases for CR-39 detector for
the development of tracks and its growth with using the three heating techniques of chemical etching solvent (NaOH) are
described and compared. It's found that, the maximum track densities for water bath were found to be (5659 and 12976
tracks/mm?) which were appeared at (120 and 90min) for the detector exposed at (5 and 15sec) respectively, while the
maximum track densities for ultrasound were found to be (5577 and 11660 tracks/mm?) which were appeared at (120 and
90min) for the detector exposed at (5 and 15sec) respectively. The microwave is the optimum etching technique, because
of the highest track densities and the very short time required (10min) to developed the tracks, which are (7051 and 13333
tracks/mm?) at the detector exposed for (5 and 15sec) respectively. Also, the chemical etching parameters for the three
techniques are determined, a significant increase were observed in bulk etching rate (Vs), track etching rate (V1) when
using microwave relative to the parameters when using water bath and ultrasound. And because the increased of the etch
rate of track to the bulk etch rate in the microwave technique is less than that in the other two techniques, the efficiency of
the detector (n) using the microwave technique is less than the both (water bath and ultrasound) techniques.

Keywords: CR-39detector, Exposure time, Etching technique, Microwave, Ultrasound, water bath, Chemical etching
parameters.

1 Introduction The fact of the operation of nuclear track detector is
based on extensive ionization of the detector material due

Solid state nuclear track detectors are vastly used in t0 a heavy charged particle pass through the detector [5]
monitoring and investigating the environmental radiation then registration of cha.rge':d particles by fomed the
[1]. CR-39 nuclear track detector (Polyallyl diglycol damages trace of the. radiation alor.1g the trajectory of
carbonate, composition: Ci2His07) is one of the most charged particles, Whlf:h can be magnified by a chemical
commonly detector used [2,3], which was used in this work ~ etching process to a visible micro-substructure (track) [6],
because of its stability against various environmental —Which that if a piece of detector material containing latent
factors, good sensitivity and high degree of optical clarity ~ tracks is exposed to some chemically AgEressIve solution
[4]. (such as KOH or NaOH) of concentrations between 4 and
8N at temperature around 60 to 70°C for few hours,

Nearly almost the (SSNTDs) applications interest the  chemical reactions would be more strong along the edges of

detect'ion of o-particles emitted by natural radioact.ive latent tracks, which is called the etchant solution [7,8].
materials. Thus, the response of track detector materials

versus particles of alpha is of essential attention [1]. Then the latent track becomes visible as a particle
“‘track” by used an optical microscope [9]. The chemically
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etching of damaged regions along the particle path as a
faster rate than the undamaged regions of detector material,
it is leading to the visible tracks. This chemical etching
(CE) procedure is an unavoidable step to show the ion-
induced latent tracks in SSNTDs [5,10].

In last ten years some attempts have been made to
reduce the time of etching for faster tracks development
[11,12]. There are many previous studies using new
techniques for heating the etchant solution such as
microwave: Tripathyet al. (2010) [11], Hassan (2015) [13]
and Kadhim et al. (2016) [14], ultrasound: Saeced (2014)
[15], Jebur (2016) [16] and Kadhim et al. (2016) [14],
novel temperature: Chavan et al. (2011) [17], and also dry
etching such as plasma: Brown and Liu (1996) [18] to
appearing the large number of clear alpha tracks and enable
etching during a short time. Each heating technique has its
inveterate advantages, but can serve as alternative to other
techniques to estimate the optimum etching of nuclear track
detectors [19].

The aim of this work is to study the effects of
changing the time of exposed CR-39 detector to alpha
particles emitted from 2**Ra source on accelerating the
development of alpha tracks, and other etching conditions;
bulk etching rate (Vs), track etching rate (Vr), and
efficiency of the detector (n): using three heating
techniques; water bath, ultrasound, and microwave.

2 Experimental Section

2.1 Materials and Exposure

CR-39 nuclear track detector (Peirshore Mouldings Ltd.,
UK, 500um thickness) was used in this study. Three groups
of two pieces from CR-39 detector (1x1cm?) was exposed
in direct contact with alpha particles emitted from *?°Ra
source of Spci activity and 4.87MeV energy. First group of
the detectors were exposed to 5 sec and second group were
exposed tol5 sec.

2.2 Chemical Etching

Each group of the exposed detectors was etched in (NaOH)
solution with 6.25N for several selected etching time. Using
three heating techniques; water bath (the traditional
technique), microwave oven (LG made, Model:
MS1142GW) with frequency of 2.45GHz and 6 variable
power levels, and ultrasound cleaner made in china from
Guang zhou Lingchien company Ltd. model: PS-D40 with
ultrasonic power of 240W and frequency of 40 kHz.

For both techniques (water bath and ultrasound), the
detectors were etched within volumetric flask at a
temperature of 70°C, and a frequency of 40kHz for
ultrasound device. For microwave a handmade quartz
container shown in Fig.1, is specially manufactured to
achieve etching instead of volumetric flask which damaged
by microwave.

Figure 1. The quartz container used for etching in
microwave.

2.3 Calculations

An optical microscope equipped with a digital camera
supplied with a software program (Toup View) was used to
view and count alpha tracks at CR-39 and measure their
diameters. The track density (p) then calculated using
Eq.(1) by count the mean number of the tracks in 12 views
within 0.052mm? area for each view [16,20].

The average number of total tracks
p =

area of field view M

The parameters of etching: the bulk etch rate, the track
etch rate, the etching rate ratio and the etching efficiency,
were calculated to show the variation in their values
between the three heating techniques used in this research.
The etching parameters were calculated as follows [14,16]:
The bulk etch rate (V) is one of crucial etching parameters,
the rate at which the undamaged surface of the detector is
removed during chemical etching is calculated using Eq.(2)

_ D
=5 (2)

Where D: the mean diameter of the tracks at each etching
time and t is the etching time. Track etch rate (Vr), the etch
rate along the latent track was calculated from the Eq.(3)

[14]:
2
1+(2)
VB
Ve =Vg —
=)
VB
Where Vp: the diameter rate of the tracks computed from
the slope of the relation (Vp =Ap/At) between the variation
of the track diameters and the variation of the etching
times. Etching rate ratio (V),the sensitivity of the detector
to the etching solution, calculated by Eq. (4) [14]:
Vr
V=— 4
v 4)
Etching efficiency (1)), the rate between the numbers of the

Vg

€)
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tracks etched in the detector to the number of a-particles
incident on it [21] and computed from Eq. (5):

=1 Vs 5
n= v (5)

3 Results and Discussion

3.1 Track Density to Each Heating Device

Alpha track density was calculated for different etching
times using water bath and ultrasound at two exposure
times (5 and 15 sec) as shown in Table 1. The maximum
track densities for water bath were found to be (5659 and
12976 tracks/mm?) which were developed at (120 and 90
min) for the detector exposed at (5 and 15 sec) respectively,
while the maximum track densities for ultrasound were
found to be (5577 and 11660 tracks/mm?) which were
developed at (120 and 90 min) for the detector exposed at
(5 and 15 sec) respectively. Thus, the optimum etching time
that required developing the alpha tracks recorded at CR-39
detector when etching with water bath and ultrasound
arel20 min for exposure time 5 sec and 90 min for
exposure time 15 sec, where the tracks after these times
were overlapped and decreased. It's clear that the alpha
track densities of water bath were higher than the alpha
track densities of ultrasound as shown in Figs.2-3.
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etched at (15,90,180 and 240 min) using water bath
technique.
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Figure 3. Views of CR-39 detector exposed for 15 sec
etched at (15, 90,180 and 240 min) using ultrasound
technique.

Table 1. Track densities for water bath and ultrasound
versus etching times for 5 and 15 sec of exposure.

Track Density p (tracks/mm?)
Etching tim| EXposure Time to Alpha Source
(min) (5sec) (15sec)

Water Bath | Ultrasound Water Bath | Ultrasound
15 904 981 1712 2125
30 3687 2144 5807 6186
60 4109 3103 7942 7019
90 5284 5034 12976 11660
120 5659 5577 10385 10718
150 3567 3995 8952 7853
180 2798 3788 6870 6365
210 2548 3224 4784 5168
240 2447 2699 3956 3962
Average | 3444 3394 7043 6784
Max 5659 5577 12976 11660

Table 2. Track densities for microwave versus etching
times for Ssand 15sec of exposure.

Track Density p (tracks/mm?)
Etching time Exposure Time to Alpha Source
(min) (5sec) (15sec)
1 1737 2801
2 3795 5417
4 4288 8718
6 5282 8891
8 5968 8487
10 7051 13333
12 5782 8571
14 4827 7385
16 3949 6115
Average 4742 7746
Max 7051 13333

For microwave technique, the track density for the two
times of exposure (5 and 15 sec) against different etching
times is shown in Table 2.The maximum values of track
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densities were developed at (10 min) were (7051 and 13333
tracks/mm?) for two times of exposure (5 sec and 15 sec)
respectively.

Etching with microwave is faster rate than etching with
other devices, because the quick vibration and localized
heating of the polarized molecules along the ion-exposed
latent tracks is leading to rapid tracks development in solid
state nuclear track detectors [22]. Fig.4 showed four screens
shoot captured from the digital camera of four etching
times (1, 6, 10 and 16min) showing the gradually increased
in density of track with the etching time until the third
picture, then the track density began to decrease because
the tracks were overlapped.
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Figure 4 Vlews of CR-39 detector exposed for 15 sec
etched at (1, 6, 10 and 16 min) using microwave technique.

3.2 Etching Parameters

The obtained results of development latent tracks showed
that the diameters of the tracks were increased with the
increasing of the etching time, because the effects of the
etching solution become deeper on the latent tracks. Bulk
etch rate calculated from Eq.(2), are listed at Tables 3-5 for
water bath, ultrasound and microwave techniques for two
times of exposure as follow. It is observed from the Tables
3-5 that the track diameters values were varies according to
the heating technique used for etching which leads to the
differences in the bulk etch rate (Vg) the average bulk etch
rate of water bath, ultrasound, and microwave techniques
were (1.434, 1.561 and 18.995um/h) at Ssec, and (1.787,
1.804 and 20.996um/h) at 15sec respectively.

Parameters of etching (Vs, Vr, V and n) in addition to
maximum value of densities for all heating techniques were
calculated and listed in Table 6 for the detectors exposed at
Ssec and Table7 for the detectors exposed at 15sec. The
following slopes of Figs.(5-7) were plotted between the
track density and etching times for all techniques at both
time of exposure to calculate the diameter rate of the tracks
(Vp) to complete the calculation of (Vr) from Eq.(3).

Table 3. The etching time, average track diameter and bulk
etch rate for CR-39 detector etched with water bath.

Average Track Diameter
Bulk Etch Rate Vp (um/h)

Etching time (D pm)
(min) Exposure Time to Alpha Source

(5sec) (5sec) (5sec) (5sec)
15 1.443 2.004 2.886 4.008
30 1.932 2.438 1.932 2.438
60 2.652 3.269 1.326 1.635
90 3.264 4417 1.088 1.472
120 4.687 5.797 1.171 1.449
150 6.104 6.846 1.221 1.369
180 6.894 7.756 1.149 1.293
210 7.576 8.646 1.082 1.235
240 8.373 9.463 1.047 1.183
Average 1.434 1.787

Table 4. The etching time, average track diameter and bulk
etch rate for CR-39 detector etched with ultrasound.

Average Track Diameter
Bulk Etch Rate Vp (um/h)

Etching time (D pim)
(min) Exposure Time to Alpha Source

(5sec) (5sec) (5sec) (5sec)
15 1.613 1.996 3.226 3.992
30 2.079 2.261 2.079 2.261
60 3.019 3.690 1.509 1.845
90 3.688 4274 1.229 1.425
120 4921 5.751 1.230 1.437
150 6.224 7.258 1.244 1.452
180 7.555 8.286 1.259 1.381
210 8.156 8.688 1.165 1.241
240 8.827 9.589 1.103 1.199
Average 1.561 1.804
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Table 5. The etching time, average track diameter and bulk 10 -
etch rate for CR-39 detector etched with microwave. €
Average Track Diameter 2 8 -
Bulk Etch Rate Vs (um/h) 3
Etching time (D pim) P 6 -
(min) Exposure Time to Alpha Source % 4
s
(5sec) (5sec) (5sec) (5sec) % 2 R?*=0.9916
; 0 T T 1
1 2.039 2.095 63.718 65.468
0 2 4 6
2 22 2281 33.333 34.561 (a) tching Time At (h)
4 2216 2.328 16.787 17.636
6 2.342 2.481 11.710 12.405 12 -
§ 10 -
8 2.423 3.959 9.109 14.883 =
o
I 8 4
10 3.369 4.155 10.147 12.515 Z g
[
£
12 5 i
3.634 4202 9.085 10.505 g 4 R? = 0.9871
14 § 2
4.023 4.858 8.633 10.424 e
= 0 T T 1
16 4.487 5.621 8.434 10.565 0 2 4 6
Average 18.995 20.996 (b) Etching Time At (h)
Figure 6. Slope between track diameter and etching time
for CR-39 detector exposed at: (a) Ssec and (b) 15 sec
10 ~ etched with ultrasound.
€
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< 5 -
5 61 B
£ 4 g
a 3 3
5 5 g ¢
£ 2 R?=0.9848 £ 2 - * 22 - 0.9101
0 T 1 2 1 - -
0 5 10 £,
(a) Etching Time At (h) = T T )
0 0.1 0.2 0.3
(a) Etching Time At (h)
12 -
S10 -
3 8- — 67
- €
2 6 25 -
& o
§ 4 - 24
[a]
5 2 - R?=0.9958 *?éa -
= 0 22 - R?=0.9388
0 2 4 6 $1-
(b) Etching Time At (h) ) . . .
0 0.1 0.2 0.3
Figure 5. Slope between track diameter and etching time (b} Etching Time At ()

for CR-39 detector exposed at: (a) S5sec and (b) 15sec
etched with water bath.

Figure 8. Slope between track diameter and etching time
for CR-39 detector exposed at: (a) S5sec and (b) 15sec
etched with microwave.

© 2020 NSP
Natural Sciences Publishing Cor.



D — =

M. Salim et al.: Effect of Changing the exposure ...

Table 6. Etching parameters of CR-39 detector exposed at
Ssec.

Etching Method| pmax | Vs Vr v n

Water Bath 5659 | 1.434 | 4946 | 3451 | 0.711
Ultrasound 5577 | 1561 | 6.122 | 3.922 | 0.745
Micro Wave | 7051 | 18.995 | 33.357 | 1.756 | 0.431

Table 7. Etching parameters of CR-39 detector exposed at
15sec.

Etching Method| pmax | Vs Vr v n

Water Bath 12976 | 1786 | 12.435 | 6.959 | 0.856
Ultrasound 11660 | 1.803 | 10.866 | 6.024 | 0.834
Micro Wave | 13333 | 20.996 | 55.891 | 2.661 | 0.624

The two tables above clarify that the parameters of etching
(VB, Vr, and V) of CR-39 detector had a significant
increase when etching with microwave relative to
ultrasound and water bath, this is attributed to the very
short time (10min) for both two times of exposure (5 and
15sec) at which the latent tracks were developed comparing
to the relatively long time (90 and 120min) for two times of
exposure (5 and 15sec) respectively at which the tracks
were developed when etching with water bath and
ultrasound. The most important parameter is the etching
efficiency of the detector, as its value for microwave was
less than its values for water bath and ultrasound, where
(0.431 and 0.624) for microwave at (5and 15sec)
respectively, and for water bath and ultrasound at (Ssec)
were (0.711 and 0.745) respectively, and were (0.856 and
0.834) for water bath and wultrasound at (15sec)
respectively. And because the increased of the track etch
rate to the bulk etch rate in the microwave is less than that
in the water bath and ultrasound, the efficiency of the
detector (n)using the microwave technique is less than the

other two techniques.

4 Conclusions

From the results of this research, we obtain the following
conclusions:

1. There is no effects of the exposed time on the etching
speed in CR-39 detector with the three used heating
techniques in this work.

2. The first appear observe for tracks faster when etching
with microwave, which about 1 minute at the both exposure
times (5 and 15sec).

3. Tracks are appearing in ultrasound clearly more than in
water bath and start at the same etching time (15min) at the
both exposure times (5 and 15sec).

4. In this work, the effects of the exposed time on the tracks
density was observed, where the densities increase with the
alpha particles exposure time increase.

5. The maximum value of track densities appear when

etching with microwave, water bath and ultrasound
respectively.

6. The optimum etching time for CR-39 detector is same for
water bath and the ultrasound which are (120min at
exposure time 5sec and 90min at exposure time 15sec), and
for microwave is (10min at both exposure times 5 and
15sec).

7. The tracks size (tracks diameter) are increasing with
etching time for the detector and with the exposure time
increase.

8. In this research, it was found that the values of the
etching parameters when using the microwave for heating
are higher than about ten times using ultrasound or water
bath, which confirms the conclusion (2.).

9. The efficiency of the detector (n)using the microwave
technique is less than the other two techniques.

10. Heating glass volumetric flask is suitable container for
chemical etching with water bath and ultrasound, but it's
damaged when using with microwave. Quartz container
manufactured in this study is suitable for chemical etching
CR-39 detector with microwave.

Acknowledgement

Authors would like to thank applied radiation laboratory,
Department of Physics, College of Science, Mustansiriyah
University for their support.

References

[1] H.Dietrich, Evaluation of the sensitivity function V for
registration of a-particles in PADC CR-39 solid state
nuclear track detector material, Radiation Measurements,
44, 283-288, 2009.

[2] B.G.Cartwright, E.K.Shirk and P.B.Price, A nuclear
track recording polymer of wunique sensitivity and
resolution, Nuclear Instrum. Methods, 153, 457, 1978.

[3] C.Wernli, H.Hoedlmoser, M.Boschung, E.Hohmann and
S.Mayer, Neutron dosimetry around accelerators in
Switzerland, Indian Journalof Pure and Applied Physics,
50, 757, 2012.

[4]GH.Ahn and JK. Lee, Construction of an
environmental radon monitoring system using CR-39
nuclear, Nuclear Engineering and Technology, 37(4), 395-
400, 2005.

[S]R.L. Fleischer, P.B. Price and R.M. Walker,Nuclear
Tracks in Solids. Principles and Applications, University of
California Press, Berkley, USA,1975.

[6] H. Dietrich, Influence of external and internal conditions
of detector sample treatment on the particle registration
sensitivity of Solid State Nuclear Track Detectors of type
CR-39, Radiation Measurements, 47, 518-529, 2012.

[7]F. Alshahri, Atef El-Taher and Abd Elmoniem Ahmed
Elzain Characterization of Radon Concentration and
Annual Effective Dose of Soil Surrounding a Refinery
Area, Ras Tanura, Saudi Arabia, Journal of Environmental
Science and Technology,10 (6), 311-316, 2017.

© 2020 NSP
Natural Sciences Publishing Cor.



J. Rad. Nucl. Appl. 5, No. 2, 119-125 (2020) / http://www.naturalspublishing.com/Journals.asp m 125

[8] F Alshahri, Atef El-Taher, AEA Elzain Measurement of
radon exhalation rate and annual effective dose from
marine sediments, Ras Tanura, Saudi Arabia, using CR-39
detectors. Romanian Journal of Physics, 64, 811,2019

[9] D. Nikezic and K.N. Yu, Computer simulation of radon
measurements with nuclear track detectors, Nova Science
Publishers, Inc.2007.

[10]S.A. Durrani and R.K. Bull, Solid State Nuclear Track
Detection, Pergamon Press,Oxford. UK, 1987.

[11]S.P. Tripathy, R.V. Kolekar, C. Sunil, P.K. Sarkar,
K.K. Dwivedi andD.N. Sharma, Microwave-induced
chemical etching (MCE): a fast etching technique for the
solidpolymeric track detectors (SPTD), Nucl. Instr. and
Meth. Res., A 612 ,421-426, 2010.

[12]1G.S. Sahoo, S.P. Tripathy and T. Bandyopadhyay,
Optimization of microwave-induced chemical etching for
rapiddevelopment of neutron-induced recoil tracks in CR-
39 detectors. Nuclear Instruments and Methods in Physics
Research, A 739, 83-88, 2014.

[13]Y.H. Anaam, Studying the Radioactivity of Human
Tissues Samples, M.Sc. thesis, Faculty of Science,
University of Mustansiriyah, Iraq, 2015.

[14]F K. Nada, L.A. Jebur, andA.R. Ali, Studying Different
Etching Methods using CR-39 Nuclear Track Detector.
Detection, 4, 45-53, 2016.

[15]S.H.S. Al-Niaemi, Effects of Ultrasound in Etching
and Detecting Parameters of CR-39 Detector. Jordan
Journal Physics, 7, 35-42,2014.

[16]L.A. Jebur, Studying Different Etching Methods for
Several Types of Solid State Nuclear Track Detectors,
M.Sc. thesis, Faculty of Science, University of
Mustansiriyah, Iraq, 2016.

[17]V. Chavan, P.C. Kalsi and V.K. Manchanda, A novel
room temperature-induced chemical etching (RTCE)
technique for theenlargement of fission tracks in Lexan
poly carbonate SSNTD,Nucl. Instr. and Meth. Phys. Res., A
629, 145-148,2011.

[18]N.M.D.Brown andZ.H. Liu, The etching of natural
alpha-recoil tracks in mica with an argon RF-plasma
discharge and their imaging via atomic force microscopy,
Applied Surface Science, 93 ,89, 1996.

[19]F. Spurny, J. Bednar, L. Johansson andA. Satherberg,
Linear energy transfer spectra of secondary particles in CR-
39 track etch detectors,Radiation Measurements, 26, 645,
1996.

[20]S.A. Durrani andR. Ilic, Radon measurements by
etched track detectors: applications in radiation protection,
Earth Sciences and the Environment, World Scientific,
Singapore. 1997.

[21]R. Mishra, S.P. Tripathy, K.K. Dwivedi., D.T.
Khathing, S. Ghosh, M. Muller and D. Fink, Modification
in etching characteristics and surface topography of some
electron exposed polymers, Radiation Meas., 34, 95, 2001.
[22]P. Lidstrom, J. Tierney, B. Wathey and J. Westman,
Microwave assisted organic synthesis-Da review.,
Tetrahedron 57, 9225, 2001.

© 2020 NSP
Natural Sciences Publishing Cor.



