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 الملـخص
يهدددالبحث ادددلبحثادددرثسب ثددد بادح دددشب ايددددببعدددامبحثاتدددقبحثعدددر ب  عددد بحثبع بدددر بحثاتدددقيشب

بثددمب ددبطبحثق اددشبحثبمحثددشب بعددامبوبدد بحلثددردب بعددامبحثاتددقب  دد بقدد مبحلأثدددبث رتددلبب،حلأخددد 
بعبادجشبادحدةبحثاتدقبايدلبح د مخاب بقديادشب دد بب2و عبب LR-115ألأثدبحثو  يبو دح بحث  ي  م

(ب2.5N)بذ ب د يدددددمببNaOHببلبق دددددمب  عدددددابقتدددددقيب با ددددد مب يبيدددددر سببددددد ببدددددراةحث   دددددشبث  رتددددد
(بثايدددرعببعدددامبحثاتدددقبحثعدددر ب بددد بثددد با دددر ب دددبطبC°50،ب بب60،ب70 ثدددادجر باددددحدةبقتدددقب)

.ب قددداب ددد بحثاىددد مب  ددد ببعدددراث ي ب جددددي ي ي بثا دددر بباددداحدبثق ادددشبحثبمحثدددشبأثودددرلب  ددددح بحثاتدددقح
 [C)) h(T,t)°70-50 ودابادجدر باددحدةبقتدقببدرب دي بحث دبطبحثبدمحمب أققدردبحلثدردبلأيبمبد ب ب

 [D(T,t)ب بددربا مدد  با ر دديشبحث رتددلب  قرل دديبحثاتددقيشب.ηحثمح يددشبحثادجددشبب θcrt،دد بب أخيدددح بب 
.ب قددابVt بعددامبحثاتددقب  دد بقدد مبحلأثدددببVbا ددر بقرقددشبحث وتدديقبث ددمببدد ببعددامبحثاتددقبحثعددر ب
ببوت دةب سبحثا دير .أظهد بو ر جبحثادح شبحثارثيشب قر  بجياببعب  طبحث

 

Abstract 
In the present work, the variation of the bulk etch rate and some 

other etching parameters, such as removed active-layer thickness, track 

growing rate, track etch rate with etching temperature is measured for the 

solid-state nuclear track detector (SSNTD) LR-115 type 2. The mass 

difference method is used to measure the bulk etch rate and then the 

removed active-layer thickness during etching with 2.5 N aqueous 

solution of NaOH as the etchant at etching temperatures 70, 60 and 50°C. 

Two empirical relationships are derived to calculate the removed active-

layer thicknesses and the tracks diameters at any etching time with 

temperatures as a parameter between (50-70°C), [i.e. h(T,t) and D(T,t)]. 

The V function (sensitivity), etching efficiency η, critical angle θcrt, and 
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the corresponding activation energies for both the bulk etch rate Vb and 

the track etch rate Vt are also calculated. The measured and calculated 

results are in good agreement with those reported in the literature. 

                                              
1.  Introduction : 

A heavy charged particle leads to an intensive ionization when it 

passes through a solid-state nuclear track detector. Alpha particles ionize 

almost all molecules close to its path and create a damaged zone called 

latent track
(1,2)

. If a piece of material containing latent tracks is exposed to 

an aggressive chemical solution (such as aqueous NaOH, KOH), the 

chemical reaction would be more intensive in the latent track. Such a 

solution is called the etchant. Through the etching, the latent track 

becomes visible as a particle "track" which may be seen under an optical 

microscope. This effect called "track effect"
(3-5)

. One of the widely used  

solid-state nuclear track detector (SSNTD) is the cellulose nitrate 

(commercially available as LR-115 films) in which visible track can be 

formed after ion irradiation and suitable chemical etching
(6)

. Ion track 

growth in SSNTDs has been suggested to base on two parameters
(7-14)

, Vt 

and Vb where Vt is the track etch rate (i.e. the track rate of the chemical 

etching along the ion trajectory) and Vb is the bulk etch rate (i.e. the rate 

of  chemical etching of the undamaged surface). So the second factor Vb 

is strongly related to the removed thickness of the active layer, and many 

authors had established that the thickness of the removed layer during 

etching of the solid-state nuclear track detector is one of the main factors 

influencing the track parameters or shape characteristics
(15,16)

. Other 

factors, which determine the track parameters and shape, are incident 

angle ,energy and particle charge
(17)

. The mass difference before and after 

etching is used to determine the bulk etch rate (Vb), the removed active 

layer thickness (h).The measurement of track opening's diameter after the 

irradiation by alpha particles is also used to determine the track growing 

rate (Vd). Finally we calculate the track etching rate (Vt), the (V)function 

which is the ratio between the track etching rate and the bulk etching rate 

(i.e. V=Vt/Vb), the critical angle (θcrt) and the etching efficiency (η).  

 
2.  Experimental method: 

The LR-115 type 2, is used in the present study. The detector 

consists of a nominal 12μm active layer thick of red cellulose nitrate on a 

100μm clear polyester base substrate. 
 

2-1.  Bulk Etching Rate: 
To determine the bulk etching rate at different etching temperature, 

using the mass difference method, the detector should not be irradiated  
with any charged particle and should be etched for a short time in  
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order to keep Vb constant during etching periods
(18)

. The LR-115 
detector were cut with size of about 1.5 ×1.5 cm

2
 and etched in 2.5N 

(10%) of NaOH solution at different temperatures 70, 60 and 50°C in a 
water bath for different time periods. The temperatures was kept constant 
with an accuracy of about  ±1°C. For each studied etching temperatures, 
LR-115 detectors were removed from the etchant at different etching 
periods and then immediately rinsed by distilled water. After drying, the 
average mass difference before and after etching were calculated at 
different time periods. 
  

2-2.  Track Diameter : 
The most common method to determine the track etch rates in 

solid-state nuclear track detectors (SSNTDs) is through measurements of 
tracks opening's diameters generated from normally incident heavy 
ions

(19)
. 
LR-115 detectors were cut with a size of about 0.7×0.7 cm

2
. The 

detectors were irradiated with alpha particles with energy of about 2.5 
MeV, because of in the energy range (2-3)MeV the alpha particles can be 
completely stopped in the detector, have enough range, and formation of 
the spherical part of tracks is possible

(20)
. The alpha source employ in the 

present study was a planner 
241

Am source (main alpha energy=5.485MeV 
under vacuum). Normal air was used as the energy absorber to control the 
incident energy at the detector surface. The alpha energy controlled using 
the following relation

(21)
:  

2/3(0)

α

(x)

α X/R)(1EE                                         ……………………………(1) 

Where  
(x)

αE : Alpha particle energy on the detector surface (MeV).          

                 
(0)

αE : Average alpha energy in vacuum.  

             X: Distance from the alpha source to the detector surface in (cm). 
             R : Average alpha range in air which is equal to (4.014 cm ). 
After irradiation, the detectors were also etched in 2.5N NaOH aqueous 
solution for different time periods in a water bath at different 
temperatures 70, 60 and 50°C.. At selected time intervals, the detectors 
were taken out from the enchant, rinsed with distilled water and dried in 
air. An optical microscope was used to measure the average diameters of 
the tracks. 

 
3.  Results and Discussion:     
 

3-1.  Bulk Etching Rate: 
After etching the unirradiated detectors, The mass difference before and 
after etching were measured for different time intervals and different 
etching temperatures. Figure(1) shows the relationship between the 
residual mass and the etching times for different temperatures (i.e. 70, 60 
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and 50°C). The bulk etch rates at each temperature were calculated using 
the following relation

(22)
.  

tΔΑρ

Δm

2

1
V b                                                              …………………………(2). 

Where Vb : is the bulk etch rate in (µm/h). 

Δm : the mass difference before and after etching in(gm). 
 A  :  is the etched surface area in (cm

2
). 

 :  is the density of the active layer, which is equal to (1.45gm.cm
-3

) 
          for LR-115.                                    
  t  : is the etching  period in (hr). 
Here in our calculation the factor half has been neglected due to one 
surface etching in LR-115 detectors. The bulk etch rate Vb was found to 
be equal to (7.7708, 3.3026 and 1.3399 µm/h) at (70, 60 and 50°C) 
respectively. 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure1. The relationship between the residual mass and the etching        
 time at different etching temperatures (70, 60 and 50°C).   

 

 
 

3-2.  Removed active layer thickness: 
 After calculating the bulk etching rate (Vb), it's possible to evaluate 
the removed-active layer thickness h(µm) at any etching time using the 
following relation

(2)
: 

t.V h b                                                 ……………………………….(3). 

Figure(2) shows the removed active-layer thickness  h(µm) as a function 
of etching time (t) for different temperatures (T). By fitting the 
experimental data in figure(2), we find that the slopes of the lines and the 
y-intercepts are functions of etching temperatures, so an  empirical 
relationship have been derived between the removed active-layer 
thickness (h), temperature (T) and etching time(t), [i.e. h(T,t)], to 
calculate the removed active-layer thickness at different etching time and 
temperature. 
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h(T,t) = a1a2
T
 .t + a3.Exp(a4/T)                                            ……………(4). 

 

Where (a1, a2, a3 and a4) are constants, with a1=0.00029931,  
a2 =1.0905075,   a3=4.1939245,   a4 = -272.0997. 

 Figure 2. The removed active layer thickness as a function of etching  
                 time for different etching temperatures (70, 60, and 50°C).   

 
 

3-3.  Track Growing Rates  Measurement: 
The tracks opening diameters measurements as  a function of 

etching time  at different  temperatures (70, 60,and 50°C) are shown in 
figure (3). Linear relationships are observed. The diameter growing 
velocity Vd can be obtained by calculating the slope of diameter-time 
curve as

(23)
: 

Vd = D/t                                                        ……………………………(5) 

Where  D, is the track diameter in (µm). t,  is the etching time in (hr). 
The track growing rates Vd(µm) was found to be equal to 13.494, 5.892,  
2.388 µm/h at the etching temperatures  70, 60, and 50°C  respectively. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. The tracks diameters as a function of etching time for different 

temperatures (70, 60, and 50°C).  
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 In the same way as in section (3-2), an empirical relationship has been 

derived between track diameter (D) as a function of temperature (T) and  

time (t), [i.e. D(T,t)], which can be used to calculate the track's diameter 

at any temperature and time period. 
 

D(T,t) = b1b2
T
 .t + b3b4

T
                                                  ……………….(6)  

 

Where (b1, b2, b3 and b4) are constants, with b1= 0.000606432,  

b2 = 1.0882076,   b3 = 0.0000118688,   b4 = 1.1707956. In the present 

work, the experimental data on the removed active-layer thickness and 

the tracks opening's diameters (h, D) have been compared with values 

calculated using the two empirical relationships (4, 6) at the used etching 

temperatures (70, 60, and 50°C). We found a good agreement between 

them as shown in fig.(4). 
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 Figure (4). Comparison between calculated and experimental data on the    

removed layer thickness and the tracks diameters at (70, 60 and 50°C). 

 
 From the Comparison in Figure (4), a good agreement between the 

calculated (hcal, Dcal) and experimental (hexp, Dexp) data on both removed 

active-layer thickness and tracks diameters can be observed, except a 

small discrepancy appears at temperature 50°C, due to long time periods 

required for etching the LR-115 detectors.  

 
3-4.  Examination of the two empirical relationships: 

 As well as the comparison mentioned in section (3-3), and in order 

to test our two empirical relationships, the removed active-layer thickness 

and tracks diameters are calculated using input etching temperature 

(65°C) and time periods from (10-140min) with 10min in step. After that, 

we measure the removed active-layer thickness and tracks diameters 

experimentally using the same etching temperature. A good agreement 

can be seen between them as shown in figure (5).  

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure (5). Experimental test to calculated data on the removed active layer 

thickness and the tracks diameters at etching temperature (65°C). 
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3-5.  Track etch rate Vt  and V function: 

 The track etch rate Vt and the V function (in some works called 

sensitivity) can be calculated at each used etching temperatures  

(70, 60,and 50°C) using the following relations
(22)

: 
 

Vt = Vb[(4Vb
2
+Vd

2
)
 
/
 
(4Vb

2
-Vd

2
)]                                          

 
…………..(7).

  

 

V = Vt / Vb                                           …………...……………………(8). 
 

The data of some etching parameters are listed in table (1).   

 
3-6.  Etching efficiency(η) and critical angle(θcrt):  

 In chemical etching there is the simultaneous action of two 

processes, one along the particle trajectory called the track etch rate Vt, 

and the other as a general attack on the etched surface called the bulk etch 

rate Vb
(24)

. The critical angle means that charged particles striking the 

detector with an angle smaller than θcrt   cannot produce any track. Etching 

efficiency and critical angle can be calculated using the following 

relations
(25)

. 
 

η =1-(1/V)                                                     ………………………..…(9). 
 

θcrt = sin
-1

(1/V)                                              …………………………(10). 
 

The values obtained for etching efficiency and critical angle are also 

listed in table(1). 

Table (1) summarizes the etching rates, such as track growing rates Vd, 

track etching rates Vt, V functions, etching efficiencies (η) and critical 

angles (θcrt) at each used temperatures.  
 

 
Table(1): Experimental data of some etching parameters for LR-115 detectors. 

 

T (ºC )       Vd(μm/h)       Vt(μm/h)        V=Vt/Vb              η                θcrt__ 

70               13.494            55.404            7.130             0.8597          8.062 

65                 9.768            44.485            8.037             0.8752          7.147 

60                 5.892            29.025            8.788             0.8862          6.534 

50                 2.388            11.673            8.712             0.8852          6.591  

 
Its obvious that the best etching temperature for the V function 

(sensitivity), etching efficiency and the critical angle is about 60°C, 

(which is the commonly used etching temperature), as shown in figure 

(6). The results in table (1) are in a good agreement with the values 

reported in the literature
(17,20,26-29)

. 
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3-6.  Activation Energy (Ea): 
 The activation energy is defined as the energy required in 
activating the reaction between the detector material and the etching 
solution. And in general the bulk etch rate (Vb) of SSNTDs and the track 
etch rate (Vt) depends on the etching temperature(T) through an 
exponential equations

(19)
. 

 

Vb = A Exp(-Ea/kT)                                                 …………………..(11). 
Slope =  ln(Vb)/(1/T) = - (Ea/k) 
Vt = A Exp(-Ea/kT)                                                 …………………..(12). 
Slope =  ln(Vt)/(1/T) = - (Ea/k) 
  

Where A is constant, Ea is the activation energy, k boltzmann constant, T 
etching temperature in Kelvin. So, Ea can be obtained from the slope of 
relation(11) between ln(Vb) and 1/T. The data of bulk etching rates and 
corresponding etching temperatures are shown in figure (7). 
Linear relationship between ln(Vb) and 1/T is apparent. By fitting  
the relationship to the exponential data, we obtained: 

Ea (eV) = 8.625×10
-5

 Slope =  0.8394 . 

Also, Ea can be obtained from the slope of relation(12) between ln(Vt) 
and 1/T. The data of track etching rates and corresponding etching 
temperatures are shown in figure (8). Linear relationship between ln(Vt) 

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

45 50 55 60 65 70 75
Etching temp. (T).

S
e
n

s
it

iv
it

y
 (

V
).

0.855

0.86

0.865

0.87

0.875

0.88

0.885

0.89

45 50 55 60 65 70 75
Etching temp. (T).

E
tc

h
in

g
 E

ff
. 
(η

)

4

5

6

7

8

9

10

45 50 55 60 65 70 75

Etching temp. (T).

C
ri

ti
c
a
l 
A

n
g

le
 (

θ
c
rt

).

Figure(6). The V function,  

Etching eff. (η), and critical 

angle (θcrt) as a function of 

etching temperature(T). 



Variation of Bulk Etch Rate and some other Etching Parameters with … 

 08 

and 1/T is apparent. By fitting the relationship to the exponential data, we 
obtain: 

Ea (eV) = 8.625×10
-5

 Slope =  0.7306 . 

 

 

 

 

 

 

 

 

 

 
   Figure (7). ln(Vb) as a function of                Figure (8). ln(Vt) as a function of 

   1/T  at used etching temperatures.              1/T  at used etching temperatures. 

 

From the calculated data for the activation energy, it's clear that 

energy required to activate the reaction between the detector material and 

the etchant along the particle trajectory is less than that required to 

activate the reaction between the etchant and the undamaged regions (i.e. 

the etchant solution will penetrate faster in the damaged regions than in 

undamaged regions). The data are in good agreement with those reported 

in the literature
(19)

. 

 

4.  Conclusions: 
1. The accuracy of calculations, presented in this study, depend on the 

accuracy of measurement of mass difference for the LR-115 detector, 

before and after etching and on the accuracy of tracks opening 

diameters, as in the most of the nuclear track detectors (SSNTDs). 

2. The measured bulk etch rates are  7.7708, 3.3026, 1.3399 μm/h for 

etching temperatures 70, 60 and 50°C respectively. The data show 

evidence that the bulk etch rate depends on etching temperature 

through a type equation with the activation energy 0.8394, 0.7306 eV 

for bulk etch rate and track etch rate respectively. These values are in 

a good agreement with those reported in the literature
(19)

. 

3. The calculated etching parameters such as, etching efficiency (η), 
sensitivity (V) and the critical angle (θcrt), show that the best etching 

temperature is about 60°C (which is the commonly used etching 

temperature) as shown in figure(6). 

4. Finally, two empirical relationships have been derived to calculate the 

removed active-layer thickness and tracks diameters as a functions of 

etching temperature and time duration, [i.e. h(T,t) and D(T,t)]. 
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