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Irradiation effect of 60 Co gamma rayson bulk etch rate,
track etch rate and activation energy of CR-39 Solid State
Nuclear Track Detector
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Introduction o .
irradiated in reverse process (gammatalpha)

Solid - State Nuclear Track Detectors iy the same sources as the second set and
(SSNTDs) are extensively used for registering \yer the same conditions. These CR-39

nuclear tracks (Fleischer, Price and Walkeﬁetectors were irradiated at normal to alpha

1975) [1]. CR-39 is one of the most commonly__ .. : : :
. . particles using 241Am source of active diameter
used as SSNTDs. CR-39 is transparent in VISIb|§P1m and activity nearly 3.7x108 Bq. at NPD,

spectrum and combines an exceptional range BARC Trombay, Mumbai, India Gamma

qualiies which are not available in otherigiation was carried out with 60Co gamma
SSNTDS [2]. Gamma irradiation in CR-39 g

ield ki d chai - D rays in air at a dose ray of 2kGy/h by using

ylelds cross-linking and chain scission. Due tQy,mma jrradiator at Radiochemistry Division,
cross-linking, etch rate decreases. If thganc in the dose range of 102-105 Gy at room
probability of cross- linking reaction is larger

h hai L h o Id b temperature in air. After irradiation and exposure
than chain scission, t. N _materla would becoMmgpe cR-39 detectors were etched in 6.25N NaOH
hardened. In chain scission process, emission

8blution at different temperatures viz. 60,70, 80,
il molecgles (Co, gcan.d H) OCCUTS  gerc for different time periods. The accuracy in
as a result of cut in the long chain. This proces;Da

ft h terial which i ich rat e maintenance of temperature wa€.1The
softens the material which incréases etch rate. oy o giameters of alpha particles were measured
is well known that track registration properties o

| K p 9 b X y using an Olympus microscope fitted with an
atent tracks are afrlecte y exposing suc bjective of 100 x (oil immersion). The bulk etch

detectors to gamma rays radiation [3]. The effeqlate (V) at different etching temperatures was

of gamma irradiation on CR-39 with and WithOUtdetermined by the track diameter technique [3]

gamma dose before and after irradiation Wlﬂhsing the formula

241Am source, have been studied. D=2Vgt or Ve=D/2t because }¥>Vg
i . The track etch rate-Ms then calculated by using
Experimental Details the relation \{= AL/At

Samples of dimension 1cm x1lcm were cuWhereAL is the track length increase in etching
from CR-39 sheet of thickness 0.9 mm, densitfmeAt. _ _
1.30 glcm3 manufactured by HARZLAS TD-1 The activation energy associated with bulk and
(Nagase Landauer Ltd., Japan). Fifteen CR-3$ack etch rate at a given temperature were
samples were divided into three sets, each of fij@easured using following formula [4]
samples. The first one served as a control set a¥@ = A exp (-B/kT) and \t = B exp (-E/KT)
its samples were exposed only to alpha radiation
with close contact to 241Am source. The seconBResult and Discussion
set (post exposed) was first exposed to the same The bulk etch rate, track etch rate and
alpha source and then treated in air with gammectivation energy for bulk etch rate and track
source. The third set (pre-exposed) was etch rate are given in table 1. From this table it
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clear that bulk -etch rate and track etch ratg vagamma irradiated CR-39 is (0.72+ 0.55) eV,
with these three different processes i.e(0.71+ 0.55) eV and (0.73+ 0.69) eV resp. The
alpha,alpha+gamma, and gamma-+talpha. activation energy for track etching for gamma,

gamma + alpha and alpha + gamma irradiated
Table 1: Bulk etch rate, Track etch rate and CR-39 is (0.54+ 0.26) eV, (0.51+ 0.29) eV and

activation energy of CR-39. (0.55£ 0.25) eV resp.
Irradi Tem | Bulk |Track “
tion | pera | Etch | Etch | . E R v -
Typ | ture | Rate | Rate B T o . A R RAS
e °C | (um/ |(um/h) | @) | @& N
h) Sl .
60 1.2 13.2 Eazp .
Aph 70 | 31 | 250|072 04
a | 80 [ 58 | 420] . - .
90 | 10.07] 6407 >>°| 0%° '
60 1.3 15_1 2’75 2‘80 2‘85 2‘90 2‘95 3Ino 305
A;ﬂh 034 1 28] 0-71| 0.51 T
: : + +
Gam| 80 | 6.1 | 453 ] o'op| o9 Fig.2: Variation of track etch rate gm\h)
ma | 90 | 1091 615 with temperature for alpha, alpha+gamma, and
Gam | 60 11 12.4 0.73| 055 gamma+talpha irradiated CR-39 detectors.
ma+| 70 2.9 23.10| ™ )
+ +
Alph | 80 5.7 40.05 0_69 0_25 From the table 1, it is clear that etching
a 90 9.30 | 60.94| ' parameters are reduced when CR-39 is pre
irradiated with gamma rays while etching
parameters increases when post irradiated with
gamma rays. Here gamma rays modify the
e v Aot ‘ surface of CR-39 in pre exposed process and
ST\ % Gamma + Alpha CR-39 become more transparent to visible light.
g Hence it is better to expose CR-39 first to

st N gamma rays at a certain dose and then to
irradiate to nuclear particles.
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Fig.1: Variation of bulk etch rate gm\h)
with temperature for alpha, alphatgamma, anEe
gamma-+alpha irradiated CR-39 detectors. eferences
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