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Abstract

Dosimetrical properties of pelycarbonate film for high-level dosimetry of
electrons have bzen examined. Polycarbonate film of (. 1mm in thickness was
chosen for this purpose. It can cover the dose range of 1.0-130 Mrad and the
measurable range can be extended up to 200 Mrad by using calibration curve.
The measurement error was within 3.5%.

The radiation induced optical density at 330nm shows rapid initial fading
of 7-13% for one day after irradiation at room temperature and subsequent
fading rate is véry small, about 0.6% per day. The fading depends on the
absorbed dose, storagez temperature, and wavelengths. The effects of storag:
time and temperature during and after irradiation of this film are presented.

For practical dosimetry, it is necessary to stabilize the induced optical
density by storing the irradiated film for a day or by heat treatment at
100°C for an hour.
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1. Introduction and polyethylene terephalate™, etc, 37! have

been developed for the dose measurement in

For radiation dose measurement, many the megarad ranges. Some of them are
materials, such as polyvinyl cholride, =% widely used as reliable dosimeters in the
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fields of radiosterilization and radiation
chemistry, etc. In these applications the dose
range of 1~100 Mrad is required.

Recently, polycarbonate film has been
examined for the use in the field of high
dose measurement. A simple dosimeter using
polycarbonate film has been designed by
Douglas et al'®., for the measurement of
dose from 0.1 to 100 Mrad of °Co gamma-
rays and also Endo'® reported the use of
thin polycarbonate film as a dosimeter cov-
ering a range from 1 Mrad up to 100 Mrad
for electrons.

Unirradiated polycarbonate film is trans-
parent to visible light. After irradiation it
shows an absorption in the ultraviolet range;
the optical density is related to the amount
of absorbed radiation in the some range. It
was obserbed that on irradiation polycarbo-
nate turned yellow, and the developed color
intensity was dependent on the absorbed
dose. Since the polycarbonate film seems to
be a suitable material for higher dose mea-
surement, this paper outlines the dosimetric
characteristics of polycarbonate film as a
cheap, accurate, simple, and reliable seco-
ndary dosimeter in the megarad range. The
experiments have been performed with elec-
tron beam. The effects of dose and storage
time and temperature after irradiation have

been investigated.
2. Experimental

2.1 Material

A commercially available polycarbonate
film known as Teijin Pan Light Film in
Japan, have been used as of secondary do-
simeter. The film thickness chosen is 0. Imm
and the density is 1.2g/cm?®. The uniformity
of the film thickness was approximately

41.5%. All specimens were out to a stan-
dard size of 4.5cmX1.2cm for convenience
in spectrophotometric measurements. The
films were washed in ethanol detergent sol-
ution, wiped with soft tissue paper, and
sealed in a black plastic envelope to protect
it from scratches and light before and after

use.
2.2 Irradiation

Irradiation of polycarbonate dosimeter was
carried out using a Cockcroft-Walton type
electron accelerator in the Takasaki Radia-
tion Chemistry Research Establishment,
JAERI, Japan. This accelerator has the
maximum output 3 MeV in accelerating
voltage and 5 mA in beam current. Irradia-
tion of the dosimeter, placed on the poly-
ethylene plate, 1.0cm thick, and 28cm from
the exit window, was carried out with a
conveyor speed of 3.1m/min and beam ene-
rgy 1.5MeV, beam current 3mA. Under
these conditions the absorbed dose was 1.67
Mrad per pass and the average dose rate in
the center of the scanner was 5.17X10° rad/
sec. All irradiations were performed at the
center of the scanned beam. Absorbed dose
was determined by the graphate calorimet-
er', Experimental arrangements for electr-
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Fig. 1. Geometrical arrangement of conveyor
irradiation
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on irradiation are shown in Fig.1.

2.3 Optical density measurement

The ultraviolet absorption was measured
with a Japan Spectroscopic Model UVIDEC-
2 digital spectrophotomater at a wavelength
range of 285nm to 500nm. In most cases
complete spectra were plotted for each film
and some were spot checked at selected
wavelength. Since the transparent polycar-
bonate film absorbs ultraviolet rays before
irradiation, the initial optical density of each
film must be subtracted from the optical den-
Since the values of
the initial

optical density of each sample should be

sity after irradiation.
initial optical density are vary,

measured in each run. And the sample which
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Fig. 2. Absorption spectra of the polycarbonate

film (0.1mm thick). A; irradiated to 30

Mrad, B,C,D; net optical density for

given dose, E; unirradiated.

has large initial optical density was rejected.

3. Result and discussions

3.1 Absorption spectra

Typical absorption spectra for irradiated
and unirradiated polycarbonate sample are
shown in Fig.2. The radiation induced spec-
tra are obtained by subtracting optical den-
sity of unirradiated sample from that of
irradiated sample. The optical density of
unirradiated sample shows rapidly decreasing
absorption with increasing wavelength until
350nm, and beyond this wavelength the op-
tical density decreases slightly.

The radiation induced absorption curves
for different doses were used for selection of
suitable wavelength. The absorption does
not increases simply toward shorter wavel-
ength, and a shoulder in absorption appears
around 400nm. The spctra of the sample for
three dose levels are shown in Fig.2. The
absorption spectra show almost the same

shape except for around 300nm. However,
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Fig. 3. Radiation induced spectral change for
0.1mm thick film kept at room temper-
ature.
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it is apparent that the shoulder around 400nm
was reproduced at all dose levels. But there
was small difference with absorbed dose,
namely, the shoulder around 400nm was
predominant at 6 Mrad but it was not appa-
rent in high dose region. In general, all
samples exhibitied substantially the same
spectral changes. The fading charactistics
and dose dependence were examined at 300,

325, 330 and 350nm for given doses.
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Fig. 4. Post-irradiation fading at room tempera-
turé at given wavelength,

3.2 Fading of the induced absorption

The optical density of polycarbonate film
produced by irradiation is unstable as in
many other plastics dosimeters, and it was
gradually faded. Effects of absorbed dose,
wavelength, and storage conditions on the
fading were investigated. The changes of

the spectra were observed at various interv-

als, keeping them in the dark at room tem-
perature, for a period of two months or
more.

As shown in Fig.3 the shoulder around
400nm gradually vanished as the time ela-
psed, and minimum changes were observed
around 330-340nm. Since the spectrum after
7 days storage showed almost no further
fading, this curve can be reliably used for
the analysis of the radiation induceed abso-
rption spectra.

Relative change of optical density with
time after irradiation at given dose levels
are shown in Fig.4 for the selected wave-
lengths. Radiation induced optical density
decreased rapidly during the first one day
after irradiation for samples kept at room
temperature, and subsequent changes were
very slow (less than 0.6% per day at 330nm).
The decrease during the first one day at
330nm was about 10-16% of the initial optical
density. Therefore, a storage of the sample
after irradiation is necessary to reduce the
dosimetric error due to stabilizaton process.
The dependence of fading on the absorbed
dose was also obsorbed. The fading at the
lower dosage was greater than in the
higher one. Fading observed at 330nm was
the smallest of all selected wavelengths. In
the case of 330nm it showed about 35%
decrease in optical density after one week.

The long-term fading over a period of
three months at room temperature are shown
in Fig.’5. The fading occurs within the
first one week after irradiation, and there-
after the optical density becomes nearly
constant. Decrease of the optical density for
6 days after an initial storage period of 24hr
at room temperature was about 2.3%. If all
measurements are made at 330nm very little
fading takes place even up three months
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Fig, 6. Fading of optical density at various
ambient temperatures (Dose; 30 Mrad,
film; 0. 1mm thick).

after irradiation. Because of this, 330nm was

chosed as the measurement wavelength.

The effect of keeping the irradiated sam-
ples in vacuum, approximately 0.0lmmHg,
at room temperature was also shown in Fig,
5. It is found that fading is not critically
affected by the surrounding atmosphere.

3.3 Effects of heat treatment

The fading of optical density in irradiated
polycarbonate film depends on the storage
temperature. Figure 6 shows the effect of
storage temperature on the fading in the 0.1
mm film thick; the samples were kept at
5°50° 75° and 100°C after electron irradia-
tion of 30 Mrad. It is evident that the fading
rate is higher at higher temperatures. At
100°C the optical density decreases within an
hour and reaches almost the stable value.
The decrease of optical density after six days
storage at 100°C is 10-22% of its initial value
depending on the wavelength, while the
decrease at 5°C is only 6—8%.

Figure 7 shows the long-term fading mea-
sured at the wavelength of 330nm under

various conditions. The absorption spectrum
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Fig. 8. Changes in optical density after storage
of 1 hr at various temperature.

obtained after long-term storage at room
temperature is similar to obtained after the
storage at 100°C for a short time. The result
susgests that the absorption spectrum of
irradiated polycarbonate consists of two com-
ponents, namely the unstable and stable
components. By warming the sample up to
100°C the unstable component is almost eli-
minated, while the stable component still

remains.

Temperature dependence of the stability
of the optical density during the storage is
shown in Fig. 8. Obviously the optical den-
sity decreases with increasing storage tem-
perature. In this experiment the optical den-
sity measurements were made after storing
the sample at given temperatures for an
hour. The results of the temperature effects
indicate that heat treatment of the irradiated
sample is effective for stabilizing the radia-
tion-induced absorption. In order to deter-
mine the optimum condition of heat treat-
ment, variation of the optical density with
the heating duration was observed. The opti-
cal density is independent of the heating
duration at 100°C, while it showly decreases
with heating duration at 80°C. Consequently,
the heating at 100°C for 30min or more was
the optimum condition for stabilizing the
induced absorption.

3.4 Calibration of polycarbonate film
dosimeter

The absorbed dose calibration of polycar-
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Fig. 9. Depth-dose curve for 1.5 MeV electron
irradiation,

bonate dosimeter for the electron beam was
carried out by normalizing the integration
value of a relative depth dose curve by the
energy fluence determined from the graphite
calorimeter. A polyethylene block with a
rectangular depression of 4.5cm long, 1,3cm
wide, and about 0.7cm deep was used as a
holder.
films 0.7cm high was set in the depression.

The electrostatic equilibrium at the outside

sample A stack of polycarbonate

of polycarbonate film stack is appreximately
established by this arrangement. The sample
was irradiated with electron of 1.5 MeV and
1 mA at a distance of 30cm from the center
of beam window. Irradiation time was con-
trolled by beam shutter which operates with
high speed. The optical density change at
330nm in each film was converted into rela-
tive absorbed dose, which was read from
the relation between optical density change
and irradiation time. The relative depth dose
curve is given in Fig. 9. The energy flueuce
of incident electron beam was measured by
setting the calorimeter at the same position
of the polycarbonate stack. The energy flu-
ence was determined from initial increasing

rate of graphite temperature after opening
the shutter and irradiation time.!®

The optical density obtained with each
film was converted to relative absorbed dose
per unit fluence by means of the following
formula:!®
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Fig. 10. Absorbed dose calibration curves after
heat treatmert for 1 hr at 100°C.

P‘t‘;]i
De=——Ff
Where
De; relative dose per unit dose(Mrad™!)

- 108 1

o density of polycarbonate(l.2g/cm?®)
t; film thickness(Q. lmm)
J:; relative absorbed deseof 7, film
F; incident energy fluence (0.75X107 erg
/cm?).
The resulting De is 1.113. By using De the
absorbed dose in Fig. 10 was scaled as abs-

olute value as shown in next paragraph.
3.5 Absorbed dose measurement

For the determination of absorbed dose by
using polycarbonate film the 0.1mm thick
film was selected as the standard sample.
Calibration curves for electron dosimetry
after heat treatment for 1hr at 100°C is

shown in Fig. 10. It is noticed with the
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300nm curve that a linear range is shorter
than other curves and there is a large fluc-
tuation for measured optical density. As can
be seen in Fig. 10 the calibration curve in
log-log plot is linear in the ranges of about
1 Mrad to 60 Mrad at 330nm, and about 2
‘Mrad to 130 Mrad at 350nm. The emprical
fomula was obtained by least squares fit on
the linear part;

Dy3=5.52 - 107 - (OD)*" (1=D=60) (2)

Dys50=1.52 + 10° - (OD)*** (2=D=130) (3)
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Fig. 11. Effects of irradiation temperature on
optical density response(gamma-rays).

where OD is optical density increase and D
the absorbed dose in rad. In practically,
dose measurements can be made up to 200
Mrad by using the calibration curves meas—
ured at 350nm. All calibration points in Fig.
10 are obtained by means of the readings for
three dosimeters irradiated simultaneously.
The standard deviation for the range of
measuring dose was with 0. 1-3.5%. Decrease
of the optical density for six days after and
initial storage period of 24 hr at room tem-
perature is about 2.3%. Also the dust and

finger prints on the film bring about a little
increase in optical density, and this can be
eliminated by brushing the samples.

The effect of irradiation temperature on
the response was also observed as shown in
Fig. 11. In the shorter wavelength the res-
ponse becomes critically sensitive to the tem-
perature and-in contrast to the less effect
at the longer wavelength. In case of electron
irradiation, temperature rise may be neglig-
ible because the irradiation time is very short
compared with gamma-ray irradiation. How-
ever, temperature rise during irradiation
also should be taken into account for high
dose electron irradiation.

Dose rate dependence on the optical density
changes was examined in the range of Mrad
per sec but the effect of dose rate was neg-
ligible within the expermental errors.

4. Conclusions

The polycarbonate film 0.1mm thick was
found to be useful as a simple method of
high-level dosimety. Optical density change
at the wavelengths of 330nm and 350nm were
chosen for dosimetry by considering dose
range and fading. The measurable dose
range is 1- 60 Mrad at 330nm and 2-130 Mrad
at 350nm. Measurement can be extended up
to 200 Mrad by using a calibration curve. The
standard deviation derived from three dosim-
eters is less than 3.5%.

The radiation induced optical density rap-
idly decreases during the first one day after
irradiation and thereafter the subsequent
fading is small amounting to about 0.6% and
1.1% per day at 330nm and 350nm,
tively, at room temperature. To reduce the
error in measurements of optical density
without heat treatment a delay time of at

respec-
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Jeast one day must be taken afther irradia-
tion.

The decrease of optical density is sensitive
to storage temperature. Fading rate is larger
at higher temperature, and it depends on
the wavelength and is the smallest at 330nm.
Therefore, if all the measurements were
made at 330nm very little fading takes place
even up to serveral days after irradiation.
Fading is a complex function of dose, initial
density, and measured wavelength. There-
fore, it is very difficult to give a simple
formula on the decrease of the optical den-
sity.

Fading rate is accelerated by warming the
irradiated film during storage, which indic-
ates that optical density can be stabilized by
the heat treatment. For practical dosimetry
a heat-treatment for 1 hr at 100°C was found
to be the most convenient.

Disadvantages of polycarbonate dosimeter
are the increased response at irradiation tem-
perature above 60°C at lower wavelength
though these problems would not occur under
normal irradiation. However, the dosimeter
requires further investigation to determine
the dose rate dependence and the precision
under operation conditions.

To achieve the reasonable precision in
routine use the sample should be carefuly
cleaned before use and the pre-irradiation
optical density should be determined to obtain
the net optical density change. The polyca-
rhonate film dosimeter has proved to be an
useful dosimeter for megarad dose measur-

ements.
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