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DETERMINATION IN PLASTIC TRACK DETECTORS 
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ABSTRACT 

INTRODUCTION 

Solid state nuclear track detectors have been increasir-:: ~ u a d  1-3 

in the fast-expanding field of radiation dosimetn. Differ5r.r !-5r.k of 

plnstic detectors have been used and proven i(J be r,xe-:r'_lily 



applicable in lizht and heavy particle detections with a wick energy 

range. The response of such detectors to radiations is of great 

importance, it varies with energies and incident angles The attractive 

features of using these recorders lie in their advantages. such as 

relatively low cost, easily to be used even for long-term exposure, low 

background level, no fadiny is detected under normal storase 

conditions, etc. 

The sensitivity of a plastic detector to nuclear radiation reflects its 

ability of forming tracks as a resuit of radiation-detector interaction. 

These tracks can then be seen under an optical microscope after 

detector etching. Etching is a diixsion prcoess and can be either 

chemical or electrochemical or both Dil'Ferent chemical 

solvents have been recommended and etching sensitkit> depends on the 

etching conditions. EssentiaIl>- two etchant solutions are commonly 

being in use : NaOH and KOH As a result of radlation interaction lvith 

plastic detectors, a de\.eloped damaged zones (rrack core) are created 

which are formed of weakened bonds When plastic detectors are 

subjected to etching process. the etcherit attacks the damaged area 

more faster than the buik material wir-11 s p e d  > the bulk etching 

speed. VB. The resultant tracks in piastics are formed of iniensivz 

ionizing zones and mainly dependent on the enersy depos~ted in the 

detector and the etching condirions. 
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CR-39 detectors has been introduced. Also, an overetched track profile 

method has been employed for alpha range determination in the studied 

plastic detectors exposed to diEerent energies. 

EXPERIMESTAL PROCEDURE 

Sheets of Lexan polycarbonate of thicknesses 500 pm each 

(supplied by General Electrical Company of USA) and foils of 3 mm 

thick of Homalite CR-39 (supplied by Wilrnington, DE, USA) were 

used in the present experiments. Plastic detectors were exposed to 

alpha particles using 0 1 pCi Z 4 1 ~ r n  thin source and our constructed 

irradiation chamber. Lexan foils were chemically etched in 6N KOH at 

70°C, while an etchant solution of 6.25 N NaOH at 70'C was used for 

the CR-39 detectors. Track counting and diameter measurements were 

performed using an Olympus optical microscope whose an eye piece 

attached to a micrometer of each division corresponded to 0.22 ym at a 

magnification of 600 S. 

X\.erage values of 'i.-B for each detector was determined using the 

mass decrement methodS and was obtained fiom the relation: 

where h and r are the dissol\.ed layer thickness and ihe track radius, 

respectil-ely. The etching senstti~ir); oi'a detector is obrained from the 

measurements of \'* and ITT and equals to j l - I ; \ - ) ,  tvtlere V = VT/VB 

The critical angle of etching (8;) I S  $ven by i  0, = Sin-! (VBiVT) 



RESULTS AND DISCUSSION 

Track development and track parameter evaluation are mainl!. 

dependent on dissolution speeds of the etchant solution along the bulk 

and the track regions in the plastic foils used. The etching and 2na-Z. 

registration sensitivities of Lexan detectors have been studied. In this 

work, an attempt for alpha track registration of various energies in 

Lexan detectors has been tested up to an energy of 5.4 blel- .A 

revelation of alpha tracks has been obtained up to an upper energ)- iinliT 

of 3.5 MeV. While in case of 4, 4.5 and 5.4 1IeV alphas, no iracks 

could be registered in Lexan detectors etched in 6N KOH at 70'C e\.er, 

for a prolonged etchins time. 

Figure 1 shows the variation of track etch rate. VT, iiirh t l x  

restricted energy loss, REL (SleV. Cm2 g l ) ,  evaluared at a cur o f  

ceiling of delta ray e n e r g  of 300 eV using Lexan foils exposed 

normally to different alpha energies. Detectors were etched in 6 5  KOH 

at 70'C for thickness rernovai layers, h, of 9.3, I 1.3 and 13.3 pm It 15 

clear from Fig. 1 that at each value of h, VT increases as energ. 

decreases (i.e REL increases) since VT is mainly dependent on the rx r  

of energy loss n-itbin the detector when etchins conditions are fixe? 

Figure 2 represents the \-ariation of the critical angle of etching: 8". as 2 

fbnction of alpha energy at various values of h usins L e u n  foils 

Using our constructed irradiation chamber. a different m e t h c  

Jvas miployed f i r  8, determination in CR-39 derectors. This me:hod is 

based on irradiation o.f CR--?o detectors with 1-arious alpha energie 

]ieeping ithe sour-ce-to-detemr distance fixed. i u s t  b!. chan@n; ti-.: 

pressure inside the chamber. In this case the incident nipha flu:< on r h ~ -  

derecror cnn approximately be considered the same ;it e:1cIl irradiaiir;:: 
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enengy. By registering the observed track densities (p), at each energy 

wlue. resulting ?om s-arious angles of incidence, one can normalize 

e x h  p to that registered at 90°(pgo) and find the normalized track 

density i.e. p,, = p:'pgo. 

Figure 3 displays the relation between p, and 8 for alpha energies 

of 3 and 4 MeV and 11 = 7 pm using CR-39 detector etched in 6.25 N 

NaOH at 70CC. n here 8 was measured with respect to the surface of 

the detector. 8, can then be determined at points where p, = 0 by 

extrapolating the low-p,, points to intercept the 0 axis. Values of 8, = 

1 1  5 and 20' isere resulted at alpha energies of 3 and 4 lfe'?, 

respectively The present experimental results show a reasonable 

agreement with those obtained from etching parameter determination. 

where values of 0, = 12.5 and 22" were resulted at energies 3 and 4 

MeV, respectively More experimental work is planned to investigate 

the applicabilitv of this method under wide range of energies and at 

dif'ferent etching cond~rions before we can make a definite final 

crment. jud, 

The derermination of alpha range in plastic detector has been 

measured using the overetched track protiie methodlo. In this approach 

track was considered a j  an envelope of revelation spheres and erching 

mas proceeded beyond the end of the track range. i e in the spherical 

phase r e ~ i o n  \vliere the etching velocity is only VB in all directions 

\%itl;in the plast~c mater~al Figure 4 represents an overetched track 

profile tiel ond the track range (R) where t is the etching time a s d  to 

de\ elop a t r x k  of rad~us r and tR is the time needed to etch out ,I 

tiiicknet;~ rlqur\ dent to K From the geuixtr?. of Fig. 4 one car1 relate 

t i le  iracl; I-ad~us, r. or the track diameter-. ci, n ith the other parmeters 



shown. The d: relirronship can then be simplified and written in the 

' following form: 

It is clear from E y n  1 that d2 changes linearly with t within the 

overetched region .Assuming the slope and the intercept parts in Eqn. I 

to be m and c, respectively so one can then write the range, R, and the 

time tR in the follou-ing forms: 

Samples of CR-39 track detectors were exposed to normally 

incident alphas of energies I 5, 2.25, 3.0, 3.25, 1 0 ,  4 75 and 5.4 XleV 

and etched in 6.25 N NaOH at 70°C. Figure 5(a&b) represents the 

relation between the track diameter square, d2 (pm2), and etching time, 

t (hr). Vaiues of R can be obtained from the slope and the intercept 

resulting from the evtrapolation of the linear part of each curve in Fig. 5 

to t = 0 axis. Knoiving the slope and the intercept of these lines and 

with the aid of Eqn 2, one can solve for R and t~ The average track - 
etch rate, (VT = R t,) can then be calculated Figure 6 represents the 

variation o f &  with t using Lesan detectors etched in 6 N KOH at 70°C 

6 one can and exposed to various alpha energies From the data of Fi,. 

extrapolate the linear part and solve for R and t~ as mentioned above. 

Fig 7(a&b) sho~vs the me:lsured and calculared alpha ranges as a 

fUnction of energ:, in CR-39 (Fig 7a) and Lesan (Fig 7b) The 

theorecticxl calcuizuons ere obtained using a TRIM computer 
I arid are represented in Fiy 7 It is c lex from Fig 7 that 

there are some d~~Tcrences between the e\rperimenral and theor-eticnl 

range values and :his nupht be drle to the h c t  th;rt in tile theoret~cal 
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calculation the contribution of energy deposited from F-rays is not all 

included. 

As a closing remark. it can be said that the initial results of 0, 
determination from the normalized track density are encouraging and 

can be used in detector sensitivity evaluation. Finally, the use of the 

overetched track profile method in particle identification has been 

extensively tested through a large set of experiments and proved to 

work quite well in alpha range determination. 



F .  (1): Varieion of t rxk  e ~ c h  rate. VT, with rcstrlctcd enerb? loss. REL,,,. 

using Leran foils r\poi:l to alpha e n e r n  and etched in 6N KOH 

at 70°C for different rernox a1 thickness layers, 11. 
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Fig. (3): Dependence of the normalized track densip. p,, . on alpha incident 

angle. 8. using CR-39 detector etclicd for h = 7 prn. 

Original Surface _ _ _ _ _ _ _ _ _ _ -  --- --- -- r I f  

. 4): .An 01-crctchcd ,~lph:i tr:ick profile of radius r. 
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Fig. (7;l): Mcasurcd and calculated alpha rangcs as a function of c n e r g  using CR- 

-Theor. (ref. 1 1) 
exp. 
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