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ABSTRACT

The effect of irradiation by 60CO gamma rays in the range 0-60 Kgray has
been examined on CR-39 SSNTDs. The fission fragment tracks diameter were
measured using an optical microscope, the bulk etching rate was calculated using
the equation VB = D/2t. The results indicate that, the track diameter is seen
increase slowly in the range 0-60 Kgray. The bulk etching rate increases almost
linearly as the given gamma dose increases up to (22.5 KGray), at hiegher doses
the bulk etching rate increases exponentially. The exposure of the CR-39 to
gamma rays could sensitize the CR-39 plastic and thus improve the Z/p threshold
for track registration.
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INTRODUCTION

The effect of gamma ray in different categories of solid state track detectors (SSTDs) has
been studied by several researchers[l-14]. Plastic solid state nuclear track detectors
(SSNTDs) consists of long-chain organic molecules, and have different threshold for
charged particle detection. The chemical etch rate along the trajectory of a charged particle
depends on the absorbed dose. Exposure of such detectors to ionizing radiation produces
ionized and excited molecules, electrons, gamma-rays, etc. The net effect on the plastic is
the production of many broken moleclular chains, leading to a reduction in the average
molecular weight of the substances. It has been reported that the rate of chemical attack on
the plastic increases as the average molecular weight decreases. On the other hand, radiation
can initiate cross-linking, and thus produce an increase on the track formation. The effect of
gamma-ray on the properties of plastic detector poly allyl diglycol carbonate (CR-39), has
been studied in this work in order to understand particle registration properties of the
detectors as well as their use in gamma-ray dosimetry.
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EXPERIMENTAL PROCEDURES

In order to investigate the influence of the gamma ray on the properties of the CR-3 9
plastic, a series of experiments were carried out. The gamma-source of the Atomic Energy
Authority (AEA) is provided by a few thousand Curies of Cobalt-60. The maximum activity
of the irradiator Ci, not more than 2.88x104. The dose calibration of the source is regularly
updated.

Several CR-39 foils were placed for various periods of time in order to expose to the
required dose, with a will known dose rate. A 252Cf source was used for fission fragments
irradiation, the irradiated CR-39 were given a different gamma doses up to (60 KGray). The
foils were etched in 6.25N NaOH for 3 hours at 70 °C. The fission fragments track, diameters
were measured using an optical microscope, the bulk etching rate was calculated using the
equation

V

2VBt (1)

It

RESULTS AND DISCUSSION

On passing through a substance, the y-ray quantum participates in a series of successive,
statistically independent interactions with the electrons and atoms of the medium, during the
course of which, a part of its energy is transmitted to the substance. As a result, there is a
change in the energy and the direction of passage of the y -quantum through the substance.

The energy and spatial distribution of the y-ray in the substance is an extremely
complicated function of the energy of the primary radiation, physical properties of the
irradiated medium, mutual geometry of the radiation source-object system, and other factors.
In the y-quantum energy region, which is of interest during irradiation of polymeric
materials, these interactions are the photo-effect, the Compton effect, and the formation of
pairs. A quantitative characteristic of probability of interaction of the y-radiation with the
substance is given by the values called cross-sections. The value of the cross-section is
numerically equal to the probability of the interaction of a y-quantum in a unit path of the
substance, containing one electron per unit volume.

Figure (1) shows the calculated bulk etching rate in (um/h) plotted as a function of the
given gamma dose in KGrays. It is clear that the bulk etching rate increases almost linearly
as the given gamma dose increases up to about (22.5 Kgray), at higher doses the bulk
etching rate increases exponentially. This fast increase in the bulk etching rate may be due to
the conversion of the gamma-ray energy absorbed by the polymer into thermal energy,
considerable heating of the CR-39 is possible. At the same time cross-linking, degradation
and gas evolution takes place and produces a major change in the bulk properties. The rise in
the bulk etching rate can be attributed to the scissions of the molecular chains caused by the
gamma rays. This scissions reduce the average molecular weight and, as a result, increase
the rate of chemical attack.
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Figure (2) shows the measured track diameters as a function of gamma-dose ranging
from 7.5 Kgray up to 60 Kgray. The track diameter is seen increase slowly in this region.
The case of almost linear behavior of CR-39 means that the pre-exposure to gamma rays
could sensitize the CR-39 plastic and thus improve the Z//3 threshold for track registration.

CONCLUSION

. It is found that the exposure of the CR-39 to gamma ray energy could sensitize the CR-39
plastic and thus improve the Z / p threshold for track registration.The rise in the bulk etching
rate can be attributed to the scissions of the molecular chains caused by gamma rays. These
scissions reduce the average molecular weight and, as a result, increase the rate of chemical
attack.
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Figure(1): The bulk etching rate plotted as a

function of the given gamma dose.
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Fig.(2): The measured track diameters as a

function of gamma dose.

• 3 4 7 -



REFERENCES

[I] Asfar. A. N., P. G. Clay and J. G. Williams.: Nuclear Tracks and Radiation
Measurements, Vol.8. Nos. 1-4, pp. 129-132. (1984).
[2] Oda,- Keiji ; Nishihashi,- Tsutomu ; Miyake,- Hiroshi; Michijima,- Masami. : Kobe-
Shosen-Daigaku-Kiyo,-Dai-2-Rui.(no.34)p. 77-82 . (Jul 1986).
[3] Portwood. T. and D. L. Henshaw.: Nuclear Tracks, Vol. 12, Nos 1-6, pp. 105-108,
(1986).
[4] Ziemer, P. L.; Ipe, N. E.: Radiation Protection Dosimetry UK.(1986).v. 14(3) p. 237-241.
[5] Singh. Surinder., Singh. Balwinder.: Nuclear Tracks and Radiation
Measurements.(1988).v. 15(1-4) p. 199-202.
[6] Sharma,- S . L . ; Pal,- T.; Rao,- V.V. -.Nuclear Tracks and Radiation Measurements.
V.18(4) p. 385-389. (1991).
[7] Eissa, H. M.; El-Bahrawy, M: Radiation Physics and Chemistry- v. 44(1-2). p. 69-72.
1993.(Jul-Aug 1994).
[8] Hussein, A.; Shnishin, Kh.: Journal of Materials Science, v. 28(19). P. 5138-5142. (1
Oct 1993).
[9] Joseph. Antony., Varier. K. M: Indian Journal of Pure and Applied Physics, v. 33(7). P.
406-409. (Jul 1995).
[10] Sinha. D., Srivastava. A., Dwivedi. K. K.: Proceeding of nuclear and radiochemistry
symposium. Bombay (India). Bhabha Atomic Research Centre. 1995.480 p.p. 114-115.
[II] Abu-Jarad. F., A. M. Hala, M. Farhat, and M. Islam.: Radiation Measurements. Vol. 28,
Nos. 1-6. Pp. 111-114, (1997).
[12] Sinha. D., S. Ghosh, A. Srivastava, V.G. Dedgaonkar, and K.K Dwivedi.:
Radiation Measurements. Vol. 28.Nos 1-6, pp. 145-148, 1997.
[13] Yoshida. Katsuya., Yamauchi. Tomoya., Oda. Keiji., Ikeda. Toshiji., Honda.
Yoshihide., Tagawa. Seiichi.: Hoshasen. (Jul 1997). V. 23(3). P. 133-119.
[14] Yamauchi. T., T. Taniguchi., K. Oda., T. Ikeda., Y. Honda and S.Tagawa.: Radiation
Measurement 31(1999) 121-126.

-348-


