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ABSTRACT 
 
 The determination of alpha particles range and study of etching parameters and optical properties of CR-39 
(polyallayel digelicol carbonate) plastic recorder are very important in the field of charged particle spectroscopy 
using SSNTDs. The UV irradiation in range of expusre time from 2h to 6h  effects on the bulk etch rate, VB and 
the activation energy for bulk material of detector. Also in this work we study that if the relation between ( E ) 
energy of alpha particles ,and its range in this solid state nuclear track detector (SSNTD) is effected by UV 
irradiation or not. We also study effect of this type of radiation on the registration efficiency of CR-39. It has 
been observed that the bulk etch rate increases and the activation energies for bulk etching decrease with the 
increasing in UV expusre dose. 
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Introduction 
 
 Solid-state nuclear track detectors (SSNTDs) as all insulating solids; both naturally occurring and man-
made are extensively used for registering nuclear tracks (R. L. Fleischer, P.B. Price and R.M. Walker 1975; 
B.R. H. Iyer 1972). It is well-known that low LET (Linear Energy Transfer) radiations like gamma rays, UV-
radiation, infrared radiation, etc. do not register tracks in these detectors but they can degrade the detector bulk 
material. In another hand, when a heavily ionizing particles such as neutrons and alpha particles passes through 
such insulating solids they leave a narrow trail of damage about 50 Å in diameter along its path. This is called 
'Latent Track' as it cannot be seen with the naked eye.  
 Polyallyldiglycol carbonate sheet (monomer composition: C12H18O7, commercially known as CR-39 
detector) is one of the most commonly used as SSNTDs. There are distinct advantages of using CR-39 detectors 
as the cell-culture substrate in the alpha-particle radio-biological experiments; beside it has been extensively 
used in optical devices, high energy physics, nuclear engineering, space radiation physics, radiation dosimetry 
and etc (D. Dorschell, F. Hermsdor, K. Kander and S. Starke 2002). 
 Theoretical and experimental investigations about the penetration of charged particles in matter have played 
a very important role in the development of modern physics.  The risk in the biological effects of alpha particles 
range crossing the cell nucleus has been previously reported by many authors (B. Dorschel,  D. Hermsdorf and 
S. Starke  2003; H. Al-Mustafa, M. I. Al-Jarallah, Fazal-ur-Rehman and F. Abu-Jarad 2005; M. A. Islam, I. 
Abuabdoun, M. A. Kham, 2000).  Radiations such as UV, electrons, gamma rays affect strongly in the polymers 
bulk material such as chain scission, radical formation, bond rearrangement etc.  The effect of UV radiation on 
the SSNTDs including CR-39 has been previously studied (Qusay Kh. O. Al-dulamey 2011; Dwaikat, N. 
Fuminobu Sato, Yushi Kato, Toshiyuki Iida 2008; El Ghazaly,  M., T. T. Salama, E. I. Khalil and  Kh. M.Abd 
El Raouf 2012). It has been also reported that bulk etch rate, VB of SSNTDs is one of the most important etching 
parameters and strongly affected by the UV exposure time. 
 The present work aims to study the effect of UV-irradiation time on the etching and optical properties of 
CR-39 plastic detectors. The effects of UV irradiation time on the alpha range as well as the corresponding 
activation energy have been also presented.  
 
Experimental Procedure:  
 
 In the present work, a sheet of CR-39 (thickness 300 µ m and density 1.31 gm/cm3) was exposed to UV 
irradiation. CR-39   plastic detectors (INTERCAST: Italy) were exposed to normal incident alpha particles from 
(Am - 241) thin source of active diameter 5mm and activity 3.7×108 Bq., covered by 10 µg/cm2 thin layer of 
gold. For energy degradation, a collimator arrangement of 0.5 cm2, hole diameter was used and air column 
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between the source and sample was adjusted. Using eyepiece screw micrometer carried out track diameter 
measurement. MoB-1-16X of each division corresponding to 0.24 µm attached to EUROMEX transmission 
optical microscope.  In order to study the effect of UV radiation on optical and etching properties of CR-39, its 
samples are irradiated by the source of UV radiation which used throughout this study was a 30 W low-pressure 
mercury lamp, emitting chiefly at 360 nm. The CR-39 detectors were placed at 10 cm from the UV source for 
2hrs, 4 hrs and 6 hrs. 
 Four groups of samples were exposed to different alpha energies of 1.25, 2.25, 3.25, 4.25 and 5.25 MeV, 
respectively, followed by etching in NaOH solution with different moralities 5, 6 and 7 N, respectively, and at 
different temperatures 50, 60,70 and 80 0C, respectively. Then three of them are exposed to UV radiation for 
different time 2, 4 and 6 hrs, respectively, and the forth group was not exposed.   
 
Results and Discussion 
 
 The alpha range, R in the present work has been calculating using the Overetching Track Profile Technique 
on the basis of the well-known relation; 𝑅𝑅 = 𝑆𝑆 16𝑉𝑉𝐵𝐵 − (𝐼𝐼 𝑆𝑆) 𝑉𝑉𝐵𝐵⁄⁄  (where S is the slope of the obtained linear 
relation) as described in Ref. (M. Formm, F. Member, A. El-Rahamany and A. Chambaudet 1998).  Fig.1 shows 
the variation of alpha range, R with energy, E, at different UV-irradiation times, along with the theoretical 
variation one (M.R. EL-Aasser, T.M. Talaat and Kh. M. A. Abdel-Aziz 2000).  It is clearly seen from the figure 
that in the energy range 1.25-4.25 eV the variation of alpha range of the non-irradiated sample are in close 
agreement to the theoretical one. Whereas, the irradiated samples for different exposure times exhibits higher 
alpha range than the non-irradiated one as well as the theoretical case (G.Y. Almasi and G. Somogyi 1981).  
This behavior can be attributed to the fact that the UV radiation causes a damage of the CR-39 plastic detectors, 
because UV causes chain scission, radical formation and broken bonds, allow the alpha particles to penetrate the 
irradiated samples as compared with the unirradiated case, hence the alpha range increases with increasing 
energy.  

 
Fig. 1: variation of alpha range, R vs. energy, E at different exposure times. 
 
 It has been also observed that the plot of ln (R) versus ln (E) as shown in Fig. 2, obeys the empirical 
relation;  𝑅𝑅 = 𝑎𝑎𝐸𝐸𝑏𝑏(R. Henke, K. Ogura and E. V. Beton1988).  
 The estimated values of a and b are listed in Table 1. It is seen that the values of a decreases with the 
increase the exposure time in a reveres manner to the values of b.  
 
Table 1: The values of a and b for all values of alpha range. 

b A Sample condition 
1.20±0.057 1.33±0.04 RTh. 
1.26±0.044 1.17±0.04 Runirrd. 
1.61±0.069 1.24±0.06 R2hr 
1.74±0.076 1.19±0.06 R4hr 
1.77±0.051 1.19±0.04 R6hr 

 
 The bulk etch rate, VB at different temperatures of NaOH solution prepared at different normalities can be 
calculated using the relation: 
 
𝑉𝑉𝐵𝐵 = (𝑀𝑀1−𝑀𝑀2)𝐷𝐷1

2𝑀𝑀1𝑡𝑡𝑒𝑒
                                                                             (1) 
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where M1 and M2 are masses of the detector before and after etching, D1 is the initial thickness of detector and te 
is the etching time.  The plots of VB as a function of 1/T according to the relation; 𝑉𝑉𝐵𝐵 = 𝐴𝐴𝑒𝑒−𝐸𝐸 𝑘𝑘𝑘𝑘⁄  (where E is the 
activation energy for bulk etching, A is a constant for a given medium-etchant combination, k is Boltzmann 
constant and T is the temperature) and linear fit the obtained behavior as shown in Fig.3 one can determined the 
values of the activation energy, E. Table 2 summarized the obtained values of the activation energy, E for the 
unirradiated and UV irradiated samples at different NaOH normality. It is clearly seen that the values of the 
activation energy decreases with the increase of exposure radiation time. This behaviour may be due to the 
amorphous nature of the CR-39 polymer. The decrease in the activation energy can be attributes to the decrease 
in the resistivity of CR-39 as a result of the irradiation process. This means that there is change in the structural 
characteristics of CR-39 as a result of UV- irradiation. It may account for the scission of the polymer chain and 
formation of free radicals. This decrease in activation energy values also indicates the chain scission of the 
polymeric molecules by UV radiation (P.C. Kalsi 2011). Most of the previous workers had seen an increase in 
the bulk etch rate and decrease in the activation energy for bulk etching values with the increase in gamma dose. 
These results were explained on the basis of scission of the detectors due to different types of radiation specially 
UV radiation in the current work. 
 

 
Fig. 2: variation of ln (R) versus ln (E) of the investigated samples. 
 

 
Fig. 3: Plots of Log VB vs. 1/T for the un-irradiated and UV irradiated samples at different normality. 
 
Table 1: Values of activation energy (E) for different cases of exposure. 

Activation Energy (E) [eV] Vb at different  NaOH  normalities Exposure Time  of UV 
5N 6N 7N 

0.73±.02 1.01 1.24 1.61 un-irradiated (hrs.) 
0.78±.01 1.79 2.2 2.29 2 
0.76±.01 2.29 2.8 3.63 4 
0.73±.02 2.65 3.25 4.35 6 

 
 Registration efficiency is very important parameter for any dosimeter and should be obtained before its use. 
The efficiency of each of the etchants was determined by using the values of VT (track etch rate) and VB in a 
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standard formula. The partial sensitivities depend on the V response function (V = VT/VB) as well as the thickness 
of the removed active layer during etching and on a critical angle, can be obtained by the following equations. 
 
𝑓𝑓 = 1 − (𝑉𝑉𝐵𝐵 𝑉𝑉𝑘𝑘)⁄                                                                (2) 
 
𝑓𝑓 = 1 − 𝑉𝑉𝐵𝐵 𝑉𝑉𝑘𝑘⁄ = 1 − 1 𝑉𝑉⁄                                                (3) 
 
 Fig.4 shows the variation of the registration efficiency as a function of the etching time.  The figure depicts 
that for different UV-irradiation time when the etching time increases, the efficiency of detector increases until 
reaching a certain value of etching time and then it decreases; these values of the etching time are due to the 
overetching time i.e. after particles penetrate to their ranges in the bulk material of the detector. On other hand 
in case of unirradiated sample the relation obey the same behavior. 
 

 
Fig. 4: Efficiency as a function of the etching time, te. 
 
 Fig. 5 shows the variation of the response function, V, versus alpha energy in case of the pre UV irradiation 
for different values of removal thickness, H. It is seen that beyond certain value of alpha energy (2.25 MeV) the 
response function, V of the CR-39 detector for pre and post UV irradiation, decreases with the increase of the 
alpha energy. We can explain this behavior due to the fact that, when the energy of the incident particle had a 
small value the energy transferred to the target medium is greater than that of high energy so that the damage 
caused by this particle is bigger, hence the response function must be bigger, but after certain time that is needed 
to remove thickness layer bigger than the range of particle in the detector, the energy transferred to bulk material 
of detector is little and then the value of response function decreases with the increasing of energy.  
 

 
Fig. 5: Shows the variation of the response function (V) vs. alpha energy for different values of removal 

thickness (H). 
 
Conclusions: 
 
 In this work we try to know how the UV radiation affects in optical properties and etching parameters of 
CR-39 detector. The obtained result indicates that there is a very good effect of the UV radiation on CR-39. We 
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notice that alpha range in detector increased with increasing the exposure time of UV, also as most of the 
previous workers we find that the activation energy decreased with the increasing of exposure time. Finally both 
of response function and registration efficiency are increases with increasing the exposure time until certain 
value of alpha energy and then they decrease beyond this value and this behavior is the same for all cases of CR-
39. The range calculations of alpha particles in solid state nuclear track detectors play a very important role in 
charged particle spectroscopy. 
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