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Abstract

The effect of ionizing and non-ionizing radiation on
solid state nuclear track detectors

The UV-Visible absorption spectra of virgin and alpha particle irradiated CR-39
polymeric track detectors, non-annealed and annealed, have been investigated
using a UV-Visible spectrometer (Shimadzu mini 1240). Isothermal annealing
experiments were carried out on PADC films based nuclear track detectors NTDs
exposed to a **' Am source. The shifting and broadening of the UV-Visible peaks
as a result of etched alpha tracks of non-annealed and annealed PADC films have
been observed. UV-Visible spectra of virgin and non-annealed a-irradiated PADC
(poly allyl diglycol carbonate) polymer films display a decreasing trend in optical
energy band gaps, both direct and indirect, whereas those measured for the
annealed o-irradiated ones show insignificant change. This drop in energy band
gap with increasing fluence is discussed on the basis of alpha particle and thermal
annealing induced modifications in the PADC polymeric detector. The results
clearly reveal that the values of the indirect energy band gap are lower than the
corresponding values of the direct band gap. In addition, the Urbach energy is
estimated from the Urbach edge and exhibits roughly the same trend as the optical
band gap. Finally, this study presents new knowledge showing that the annealed
PADC films were demonstrated to be highly insensitive to alpha particles. In that
part, a study on the UV-VIS spectra and etching characteristics of CR-39

polymeric track detectors exposed to ultraviolet (UV) radiation for different



duration times ranging from 0 to 100 h has been performed. Etching experiments
were carried out on CR-39 polymeric track detectors exposed to a *>>Cf source
after UV-exposure. The bulk and track etch rates were measured using alpha and
fission fragment track diameters, as well as the sensitivity and the detection
efficiency were also determined. The optical band gap was calculated from the
absorption edge of the UV spectra of pristine and various UV-exposed detectors
which varied from 3.50 to 2.70 eVand 4.88 to 4.64eV for indirect and direct
transitions, respectively. A significant modification in optical band gap and
detection efficiency of CR-39 detector induced by UV photon was observed.
Optical band gap and etching parameters clearly indicate a gradual change of the
registration properties of charged particles in a CR-39 polymeric track detector

.nduced by UV-radiation
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1 Bayer BN Cellulose acetate butyrate | Bayer A.G,Germany

2 Triafol TN Cellulose triacetate Bayer A.G,Germany

3 Makrofol Polycarbonate Bayer A.G,Germany

4 Daicel Cellulose nitrate Kanematsu Gosho, USA,
Daicel Ltd.Japan

5 CA&0-15 Cellulose nitrate Kodak Pathe,France,
Eastman Kodak,USA

6 Cellit-T Cellulose triacetate V.E.BFilmfabriki,Germany

7 Lexan Polycarbonate General Electric Plastic
Dept.,USA

8 Cornar Polyethylene Terephthate E.Idupont de
Numours&Co,Germany

9 Hottaphan Polyethylene Terephthate KalleA,G,Germany

10 Melinex Polyethylene Terephthate Imperial Chemical Industrics,
UK

11 L Polyethylene Terephthat

arsen olyetiyiene ferephtiate Imperial Chemical Industries

,Russia

12 CN-85 Cellulose Nitrate
Kodak Pathe, France

13 LR-115 Cellulose Nitrate
Kodak Pathe, France

14 CR-39 AllylDiglycol Carbonate ) _
PershoreMouldings, UK, Fukuvi
Chemicals , Japan

15 PM-355 New super grade CR-39

) PershoreMouldings, UK, Fukuvi
Plastic

Chemicals , Japan

16 SR-90 Diethylene glycol allyl P

carbonate

Fukuvi Chemicals, Japan
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70 2.8 4.48 1.68 0.63 7 4
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S bl Al o5l Aally Ay peadl dajall sead Aih -: (2.5) Jsaall
Lol Al 5 Lol dalbddl je adadl goll 3V QA S (& (N) S
A die 4yl pall cpalill o) o) 5 Al (g yad (30 ) e Wl g By (e il
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Glasn s () [OSNIEFREFER O5isdl) a3l Flsol il 0580 <3 e
e bulls pald) gya 3 al (eV) (eV) (eV)

(sec) bl e il bl e il

0 0 3.53 4.90 1.37 0.45 5 3

1 3.33 4.85 1.52 0.55 5 3

5 3.00 4.75 1.75 0.56 6 4

10 2.82 4.75 1.93 0.58 6 4

15 2.72 4.65 1.93 0.59 7 4

20 2.62 4.65 2.03 0.60 7 4

25 2.42 4.55 2.13 0.61 8 4

2 0 3.50 4.80 1.3 0.47 5 4

1 3.45 4.75 1.3 0.48 5 4

5 3.40 4.75 1.35 0.47 5 4

10 3.35 4.70 1.35 0.47 5 4

15 3.35 4.70 1.35 0.47 5 4

20 3.30 4.65 1.35 0.48 5 4

25 3.25 4.65 1.4 0.48 5 4

4 0 3.70 4.87 1.17 0.46 5 4

1 3.65 4.85 1.2 0.45 5 4

5 3.60 4.83 1.23 0.44 5 4

10 3.55 4.80 1.25 0.44 5 4

15 3.50 4.78 1.28 0.44 5 4

20 3.50 4.75 1.25 0.44 5 4

25 3.50 4.75 1.25 0.43 5 4

6 0 3.80 4.88 1.08 0.50 5 4

1 3.80 4.88 1.08 0.50 5 4

5 3.80 4.88 1.08 0.50 5 4

10 3.75 4.84 1.09 0.46 5 4

15 3.70 4.80 1.1 0.47 5 4

20 3.70 4.80 1.1 0.47 5 4

25 3.65 4.76 1.11 0.50 5 4

8 0 3.60 4.70 1.1 0.45 5 4

1 3.60 4.70 1.1 0.45 5 4

5 3.60 4.60 1 0.45 5 4

10 3.55 4.65 1.1 0.46 5 4

15 3.50 4.65 1.15 0.46 5 4

20 3.45 4.65 1.2 0.46 5 4

25 3.45 4.65 1.2 0.46 5 4

10 0 3.50 4.80 1.3 0.60 5 4

1 3.45 4.80 1.35 0.60 5 4

5 3.40 4.75 1.35 0.60 5 4

10 3.35 4.75 1.4 0.63 5 4

15 3.30 4.70 1.4 0.63 5 4

20 3.25 4.65 1.4 0.60 5 4

25 3.25 4.60 1.35 0.60 5 4

+ PADC film is virgin
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3y, Flosl dilay ) o sisdll Ay | Ay jeadl da all 3528 Al (pw (3.5) Jsos
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delu 100 ) 0 o
e 2l 8 gd dLL
At (= ai e (eV) Osisill il pl i 0580 <y aae
Lnadidl (358 (eV) (eV)

(h) il e 5Ll Al e 5l

0 3.50 4.88 1.38 0.55 5 4

1 3.40 4.96 1.56 0.55 5 4

2 3.30 4.96 1.66 0.55 5 4

5 3.20 4.80 1.60 0.53 6 4

10 3.10 4.56 1.46 0.53 6 4

20 3.00 4.56 1.56 0.54 6 4

40 3.00 4.40 1.40 0.54 6 4

50 2.9 4.40 1.50 0.54 6 4

60 2.9 4.40 1.50 0.54 6 4

70 2.8 4.48 1.68 0.63 7 4

80 2.7 4.40 1.62 0.62 7 4

90 2.7 4.48 1.78 0.62 7 4

100 2.7 4.64 1.94 0.62 7 4
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AxiYL daniiall CR-39 (55580 JAY) cadl€ll il LU sl <l jial b (4.5) Jss
Ah 32 550 peall S 5 Hua Jolae S Sl jéall 5 100D ) Oh (e donediall (3 48

G= k) D D X D’ D¢ S=V-1 Vi Vr gc M

35 dai ¢ g D, /b7 /D Vr (wm /) (um/h) ”
s (m)  (um) =30 Y=y
v B

(h)

0 5.0 8.9 0.562 1.0 1.0 1.92 0.92 1.48 2.84 3138 48

1 5.8 10.0 0.580 0.890 0.862 2.01 1.01 1.67 3.36 29.83 50

2 6.5 11.0 0.591 0.809 0.769 2.07 1.07 1.83 3.79 28.88 51

5 8.0 12.8 0.625 0.695 0.625 2.28 1.28 2.13 4.86 26.01 56

10 113 16.7 0.677 0.533 0.442 2.68 1.68 2.78 7.45 2190 62

20 16.5 22.5 0.733 0.395 0.303 3.33 2.33 3.75 12.49 17.47 69

40 28.0 38.0 0.737 0.234 0.178 3.38 2.38 6.33 21.39 17.20 70

50 45.0 60.0 0.750 0.148 0.111 3.57 2.57 10.00 35.70 16.26 72

60 53.0 70.0 0.757 0.127 0.094 3.68 2.68 11.60 42.69 1576 73

70 61.0 80.0 0.763 0.111 0.082 3.78 2.78 13.30 50.27 1534 74

80 85.0 84.0 0.774 0.106 0.077 3.98 2.98 14.00 55.72 1455 75

90 68.0 86.0 0.790 0.103 0.074 4.34 3.34 14.30 62.06 1332 77

100 73.0 88.0 0.829 0.101 0.068 5.4 4.40 14.60 78.84 10.67 81
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