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Introduction                                                                       

Solid state nuclear track detectors (SSNTDs) CR-
39 are used widely in the field of health physics, 
such as for radon monitoring or neutron dosimetry. 
Authors used the CR-39 SSNTDs for α-particle 
measurement and α-particle autoradiography 
[Ishigure, 1985 and Ishigure et al., 1988]. Some 
results revealed that the ageing effect on CR-39 
SSNTDs sensitivity is very strong this needs to be 
considered on the routine applications or research 
experiments. The authors noticed that the diameter 
of etch pits observed in CR-39 SSNTDs stored for 
a long time became smaller than those observed in 
a fresh plate of SSNTD CR-39. There were some 
reports about aging and/or fading effect of CR-39 
SSNTDs. However, authors felt the necessity to 
examine more systematically the effect of aging 
and/or fading on the plates of CR-39 SSNTDs that 
were used by the authors themselves [Harrison, 
et al., 1986; Portwood et al., 1986; Fujii, et al., 
1991; Csige, et al., 1991and Hardcastle, et al., 
1996]. The term ”aging” is used for the change in 
the track registration property during storage until 
it is irradiated ,while “fading” means the change 
in the track registration property during storage 
after irradiation. The 3-D imaging of particle 
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tracks in SSNTDs was investigated [Wertheim, 
et al., 2010]. The optical appearance of etched 
alpha-particle tracks in CR-39 SSNTDs under the 
transmission mode of the optical microscope was 
discused [Law, et al., 2008]. 

Robu  investigated the influence of exposure geometry 
on the response of CR39 SSNTDs radon detectors 
[Robu, et al., 2011]. UV-VIS spectral evaluation of CR-
39 SSNTDs exposed with diagnostic dosage was studied 
by Nur Shadah, et al., [2014].

    The bulk etch rate and the track etch rate of CR-
39 SSNTDs  were measured alpha particles emitted 
from radon gas in subsoil in various concentrations 
of NaOH in the range (6-8 Mole) at 70°C [Maged, 
and Ashraf, 1997]. 

In this study, the effect of long-term storage 
on CR-39 SSNTDs under certain conditions was 
investigated to study the ability of keeping all the 
information of tracks.

Materials and Experiments                                   

CR-39 SSNTDs 
The detectors of CR-39 were purchased 26 y 

ago from Pershore Limited (Thickness, 500µm), 
UK and the others were purchased 10 y ago from 
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TASTRAK Thickness, 500µm), Bristol, UK. 
Before the start of the experiment, the sheet of 
CR-39 SSNTDs used was already stored in a 
refrigerator at 4 °C for 26 y and 10 y, respectively. 

Storage of CR-39 SSNTDs
Sheets of CR-39 were enclosed one by one in 

polyethylene bags with zipper so that background due 
to radon progeny might not increase during the storage. 
The outside of the polyethylene bag was wrapped in 
aluminum foil to prevent the effect of ultraviolet radiation 
on the property of the CR-39 SSNTD. 

Alpha source 
The alpha source employed was a planar 

241Am source (activity was741nCi and main 
alpha energy was 5.5 MeV in vacuum). The 
incidence of alpha particles was restricted to the 
chosen 900 incident angle in air with the help of 
a collimator. The schematic diagram of employed 
alpha source is shown in (Fig.1).

An aluminum plate of 3.0 mm in thickness, 
was used as a collimator to minimize the cross 
section of α-source. One hole, 10.00 mm in 
diameter apart was drilled in the aluminum plate. 
The collimator was put on the radiation source 
directly. The resultant irradiation distance was 3.0 
mm in the air. The irradiation time was 5 seconds.

Radon exposure
All data of counting were normalized according 

to the results of the 1997 European Commission 
Intercomparison of Passive Radon Detectors in UK 
through the Egyptian participation No.31 [EUR, 1998].

Chemical etching 
After irradiation, the detectors were etched 

in a 6M aqueous solution of NaOH for different 
etching time until reaching to 18 h at 70 ◦C. The 
temperature was kept constant by a water bath 
with an accuracy of ±1 ◦C. The detectors were 
then taken out from the etchant and rinsed with 
distilled water immediately in order to stop the 
reaction between the detectors and the etchant. 
The detectors were dried completely and then 
used for analysis [Maged et al., 1993].

Optical microscope 
An optical microscope operated in the 

transmission mode was used for observation of 
tracks. The images were recorded in the JPEG 
format by a digital camera (Samsung SAC 2300) 
installed on the microscope (Olympus BX60). 
The average area of one hundred fields of view 
was calculated using an image analysis system 
and the track density was calculated in terms of 
tracks.cm−2. The background track density was 
determined by processing a pristine detector under 
the same etching conditions. The background was 
subtracted from the measured track density.

Measurement of track dimension 
The track dimensions were determined by 

the Quantimet 500 software. Calibration was 
carried out before measurements. An image of a 
calibration ruler (0.01mm per division) was used 
under the microscope and used for scale setting 
and calibration.

UV-VIS spectrophotometer
The optical transmittance spectra of the CR-39 

detector were measured in the wavelength range 
from 190 to 1100 nm by means of the Specord 
210 plus UV-VIS spectrophotometer (Made in 
Germany).

Interpretation of optical characterization 
In order to understand the optoelectronic 

and photonic device behavior, it is good to first 
understand the optical properties of polymeric 
material. The optical properties of polymeric 
materials imply the electronic structure which 
affects the electrical and optical output in properties 
of optoelectronic and photonic. An absorption 
spectrum was a fingerprint of a molecule or a 
polymer material. UV-VIS absorption was a 
commonly used analytical tool for studying the 
interactions between electrons and radiation. 
The simplest method to investigate the electronic 
structure of a solid material was performed by 
studying its optical absorption. Absorption occurs 
when a photon has sufficient energy to excite 
electrons from the lowest energy to the highest 
energy. The fundamental equation between the 
absorption and optical energy gap Eopt was given 
by Eopt=ћω, where ω was the light frequency 
and ћ is the Planck constant.  The fundamental 
absorption refers to a band-to-band transition in 
the solid phase. In crystalline materials, a direct 
transition occurs when electrons were excited 
from the valence band to the conduction band in 
the same k-space. In this process, the total energy 
and momentum were conserved. For indirect 
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Fig 1. Schematic diagram of the experimental arrangement 
used to irradiate CR-39 SSNTDs.
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transition, electrons cross the conduction band 
at different k-spaces. In this case, transition was 
possible only when phonon assisted. Given that the 
potential well fluctuates in amorphous materials, 
there was no specific definition in k-space (non-
conservation of k-space) and electron localization 
occurs [Anderson, 1975]. According to the Mott––
Davis model, the wave function was localized 
and the probability of transition depends on wave 
function overlapping [Mott, and Davis, 1968]. 
Considering that amorphous materials lack a 
long-range order, a localized state extends from 
the conduction and valence bands to the band 
gap. This localized state can affect the electron 
transition in amorphous and polymeric materials. 
The absorption coefficient α was related to the 
absorbance A based on the Lambert-Beer law as 
follows; 

                            

where t was the sample thickness. The optical 
absorption for non-crystalline materials was given 
in previous studies [Wood, and Tauc, 1972; Mott, 
and Davis, 1971],

where β is a constant, Eopt is an optical energy 
gap and n was the exponential constant index. 
The exponential constant index is an important 
parameter that describes the type of electronic 
transition. There were four types of transition in 
amorphous materials that can be represented with 
n. The values of n were commonly 1/3, 1/2, 2/3, 
and 2 for indirect forbidden, indirect allowed, 
direct forbidden, and direct allowed transitions, 
respectively [Alias et al., 2012; Hassan et al., 2015]. 

Results And Discussion                                              

The existence of the absorption edge and 
its shifting as a result of storage time of CR-39 
SSNTDs were discussed. The indirect band gap 
of the pristine and irradiated CR-39 SSNTDs was 
determined. A decrease in the optical energy gap 
with the chemical etching was noticed for 10 y and 
26 y. It could be discussed on the basis of alpha 
particles induced defects in forbidden gape of the 
CR-39 SSNTDs and also, due to the decrease in 
detector thickness. The transmittance spectra of 
the CR-39 SSNTD were taken to investigate the 
behavior of their optical properties with the two 
storage times and the plot of the transmittance vs. 
wavelength was shown in Fig.2a. The onset of 
the transmittance spectra of the CR-39 SSNTDs 

were measured at 240 nm and 300 nm for 26 y 
and 10 y respectively. The transmittance spectra 
of the CR-39 SSNTDs were sharply increased in 
the wavelength ranges of 240-350 nm and 300-
400 nm for 26 y and 10 y respectively. After the 
wavelengths of 350 nm and 400 nm for 26 y and 
10 y respectively, the transmittance spectra of the 
CR-39 SSNTDs were not again observed due to 
the high transparency in visible range. It was only 
noticed that a small peak at 250 nm was found 
after chemical etching for storage time 26 y and it 
might be due to annealing as  shown in (Fig. 2a-c). 
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Pristine before chemical etching
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Fig. 2. (a). The plot of the transmittance vs. λ ,  (b) the curves 
of dT/d λ vs. λ of CR-39 SSNTDs after chemical 
etching and (c) The plot of the transmittance vs. λ of 
pristine before chemical etching (Pr: pristine, Irr: 
irradiated CR-39 SSNTDs).

                                                           (c)               
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The average transmittance (Tavg) values of the 
CR-39 SSNTDs for 10 y and 26 y were calculated. 
The Tavg was measured 120% and 99% for pristine 
SSNTDs for 10 y and 26 y, respectively before 
chemical etching and no irradiation as shown in 
Fig.2c and Table 1. The lowest value of Tavg was 
measured 71% for storage time 10 y at chemical 
etching 18 h. Generally, it was observed, that the 
average transmittance values of the CR-39 SSNTDs 
in the visible region decrease with the increase of 
etching time as shown in Fig.2a. To estimate the 
absorption band edge of the CR-39 SSNTDs, the 
first derivative of the optical transmittance was 
computed. For this purpose, the curves of dT/dλ vs. 
wavelength of the CR-39 SSNTDs were plotted, as 
shown in Fig. 2b. The maximum peak values of the 
CR-39 SSNTDs vary from a wavelength 335 to 382 
nm as shown in Table 1. The absorption band edge 
values of the CR-39 SSNTDs were calculated from 
the maximum peak position as given in Table1. 

These results explained that the absorption band 
edge of the CR-39 SSNTDs decreased with the 
chemical etching. The optical band gap of the CR-39 
SSNTDs, the (α )1/2plot vs. the photon energy E 
of the CR-39 SSNTDs was shown in Fig.3. 

As seen in Fig.3, there was a linear region 
for the optical band gap Eopt values of the CR-39 
SSNTDs. By extrapolating the linear plot to (α

)1/2 = 0, the Eopt values of the CR-39 SSNTDs 
were obtained as given in Table 1. The highest and 
lowest values of Eopt were found 4.20 eV and 3.80 
eV for 26 y and 10 y, respectively before chemical 
etching. These values of the CR-39 SSNTDs of 
pristine were found to be in rough agreement with 
the value 4.05 eV in the literature, [Nur Shadah, 
et al., 2014]. This result suggests that the optical 
band gap of the CR-39 detector was roughly 
stable with the storage time for long periods 
before chemical etching under keeping in certain 
conditions. It was shown previously that the CR-
39 SSNTDs response to charged-particles drops 
sharply within the first 30 days of manufacture, 
[Cartwright, 1978] and that it was the age of the 
plastic itself, not of the tracks, which results in the 
degradation of sensitivity (lower VT /VB) with time 
[Portwood et al., 1986]. The effects of prolonged 
aging on the CR-39 SSNTDs were studied using 
~5.5 MeV alpha particles from a 241Am source 
and samples over a 5-year period. After exposure, 
samples were stored in a low-humidity, low-
light environment and at room temperature for a 

variable amount of time, after which they were 
etched using the standard 6 N solution of NaOH 
at 80 0C for 6 hours [Portwood et al., 1986]. To 
determine whether it was the age of the plastic 
or the age of the track which causes a reduction 
in track diameter, another set of samples which 
was previously exposed to alpha particles was 
exposed again immediately before etch. The ratios 
of diameters of the old alpha tracks to the new 
alpha tracks was unity to within 5%, suggesting 
that it was the age of the CR-39 SSNTDs, not 
the age of the track, which was responsible 
for the reduction in diameter. These results are 
in agreement with previous claims utilizing 
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TABLE 1. The Tavg (in absorption region), λmax peak, absorption band edge, optical energy gap Eopt values of the CR-
39 SSNTDs after chemical etching.

Etching 
Time (hr)

Tavg (%)
Storage time
10 yT      26 yP

λmaxpeak (nm)
Storage time
10 yT      26 yP

Absorption 
band edge (eV)
10 yT      26 yP

Eopt (eV)
Storage time
10 yT      26 yP

Pr (o hr) 120        99 370        345 3.97       3.98 4.10      4.20
Pr (18 hr) 100       100 365        342 3.80       3.88 3.80      4.10
14 (Irr.) 95         91 365        342 3.80       3.86 3.80      4.05
18 (Irr.) 71         85 365        342 3.80       3.85 3.80      4.00

Avg. 97         94 366        343 3.84       3.89 3.88      4.09
S.D. 20          7                      3            2 0.09       0.06 0.15      0.09

Pr: pristine (unirradiated) ; Irr.: irradiated & etching; T: TASTRAK; P: Page Mouldings;
Avg.: average; S.D: standard deviation.
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different materials [Portwood et al., 1986]. The 
cause for the observed change in response may 
be annealing [Bhatia et al., 1990] or oxidation 
[Portwood et al., 1986]. Given the experimental 
setup, we rule out long-term exposure to UV 
and humidity. It was shown that storing CR-39 
SSNTDs at or below freezing temperatures will 
inhibit these aging effects [Portwood, et al., 1986; 
Sinenian, et al., 2012 and Matiullah, et al., 2005]. 
High inherent sensitivity of CR-39 to detect 
relatively lower-LET particles, proved efficacy of 
50 Hzeri (high voltage) electrochemical etching 
method and need to efficient alpha detection 
methods prompted was investigated [Sohrabi, 
and Soltani, 2017] . The results proved that the 
contribution of high LET secondary particles 
to the dose characteristics for 9.6 and 30.0 
MeV proton energies were more significant as 
compared to their contribution at higher proton 
energies [Spurn’y et al., 2001]. This phenomenon 
could be imperative in such fields as radiotherapy, 
radiobiology, and radiation protection. As far as 
proton radiotherapy and proton radiobiology 
studies are concerned, the dose due to secondary 
high LET charged particles changes not only 
quantitative, but also qualitative characteristics of 
the beam. Since the contribution of the secondary 
charged particles to the absorbed dose at the beam 
entrance at 9.6 and 30.0 MeV energies were more 
significant, the absorbed dose would increase 
substantially at greater depths. Besides, due to 
the increased percentage of high LET particles, 
radiobiological characteristics of the beam may 

also change with the depth [Ghergherehchi, et 
al., 2008]. Maged et al investigated both of the 
environmental risk assessment of radon from 
ceramic tiles in Egypt, estimating the radon 
concentration in water and indoor air  and radon 
concentration in elementary schools in Kuwait by 
using CR-39 track detectors [28-30] [Maged, et 
al., 2012; Maged, 2009 and Maged, 2006].  Our 
studies were extended to include the track density, 
the track dimension, orientation and roundness 
response of alpha particles from 241Am source of 
energy ~5.5 MeV and from alpha particles emitted 
from radon exposure since 1997 via sharing in 
radon Intercomparison [EUR, 1998] as shown in 
Tables 2-3. The CR-39 SSNTDs in Table 2 were 
etched for 18 hours in a 6 M solution of NaOH at 
70 0C. Table 2 shows  that the alpha track length 
and breadth, perimeter, were decreased with the 
increase of storage time at the same chemical 
conditions. The track density was found to be 
roughly the same. The roundness was increased 
with storage time. When CR-39 SSNTDs used 
for radon monitoring or neutron dosimetry, the 
following points should be recommended to: (1) 
the detector should be stored in a refrigerator at 
40C before exposure and until etching after the 
exposure, (2) the change in the sensitivity between 
the time of calibration and the time of use should 
be evaluated and the counting efficiency at the 
measurement should be corrected and (3) for 
comparison or for interpretation of experimental 
results in different experiments the effect of 
storage should be carefully considered.

TABLE 2. Aging of CR-39 detectors were stored at 4 0C.

Storage time (year) ρ 
(tracks density)

L
(µm)

B
(µm)

P
(µm)

O R

10 (TASTRAK) 2.3 x 104±10% 37± 11% 26± 6% 131± 54% 62± 95% 1.87±57%

26 (Pershore Limited) 2.2 x 104± 15% 16± 12% 12± 12% 66 ±%24 30±80 % 2.4 ± 19%
L: The length of the longest feret   B: The length of the shortest feret   Feret diameter: caliper diameter
P: The total length of the boundary of the feature (track).
O: Orientation
R: Roundness

TABLE 3. Fading of tracks due to radon exposure stored in refrigerator at 4 0C since 1997 [13].

Στοραγε τιµε 
(ψεαρ)

ρ
(tracks density)

L
(µm)

B
(µm)

P
(µm)

O R

19 (Pershore) 3.12 x 102 ± 15% 29 ± 2% 24 ± 1% 110± 11 % 72 ± 45 % 1.8 ± 0.3%



114

Egypt. J. Rad. Sci. Applic., Vol. 30, No. 2(2017)

A..F.   MAGED 

For fading study; the samples stored at 4 0C 
of “Results of the 1997 European Commission 
Intercomparison of Passive Radon Detectors” 
[EUR, 1998] No. 31, were found roughly the 
same after 19 years of storage time as reported 
in Table 3. 

Conclusions                                                                    

The optical band gap of the stored pristine was 
roughly the same as the new pristine samples 
before chemical etching. By the conventional 
method, we obtained Eopt of ~4.1 eV before 
chemical etching under the assumption that all 
the films consisted of amorphous phase. The etch 
pit diameters of α−particles were deceased with 
the storage period and the rate of that decrease 
depended markedly on the storage conditions. 
The bulk etch rate at 4 °C was slightly  changed 
with the storage period. The storage at 4 °C for 
26 y did not result in  significant changes to the 
detection efficiency. The fading effects of tracks 
due to radon exposure after 19 y storage changed 
slightly. These characterizations of the response 
of CR-39 SSNTDs to alpha particle were essential 
for the storage under certain conditions.
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ألفا المخزنه لفترة  النووى المعرضة لجسيمات  التى تحدث فى كواشف األثر  التغيرات 
طويلة زمنية 

ماجد على فهمى
الذرية  القومى لبحوث وتكنولوجيا اإلشعاع - هيئة الطاقة  قسم الجوامد و المعجالت األلكترونيه - المركز 

دراسه تأثير التخزين على الخواص الفيزيائيه لكواشف األثر النووى سى ار-39 لنوعين لهذا الكاشف. تبين أن 
حزمه الفجوه الضوئيه للكاشف المخزن لها تقريبا نفس الصفات للكاشف الجديد قبل عمليه الحفر الكيمائى. لقد 
وجد أن فجوه الطاقه تتناقص مع الحفر الكيمائى. لقد تم قياس بدايه أطياف النفاذيه الضوئيه للكواشف عند اطوال 
موجيه 240 نانومتر و 300 نانومتر لفتره تخزين 26 سنه و عشر سنوات على التوالى. لقد تناقص قطر األثر 
النووى الناتج من جسيمات الفا بعد الحفر الكيميائى مع فتره التخزين و حيث أن معدل التناقص قد اعتمد على 
ظروف التخزين. تأثيرات فقد األثار النوويه نتيجه التعرض للرادون كانت قليله جدا. تخزين الكواشف لمده 26 
سنه فى درجه حراره 4 مئويه لم تظهر تغيرات ذات اهميه لكفائه الكاشف. أستجابه هذه الخصائص بعد التخزين 

لكواشف أألثر النووى بالنسبه لجسيمات الفا  يكون ضروريا أن تخزن فى ظروف معينه.


