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ABSTRACT

A low energy electron beam calorimeter with a thin film window has been
fabricated to facilitate a reliable method of dose assessment for electron beam energies
down to 200 keV. The system was designed to incorporate a datalogger in order that it
could be used on the self-shielded 200 keV facility at MINT. In use, the calorimeter
started logging temperature a short time before it passed under the beam and it continued
taking data until well after the end of the irradiation. Data could be retrieved at any time
after the calorimeter had emerged from the irradiator.

1. INTRODUCTION

The increasing use of the low energy electron beams (~ 200 keV) for industrial
processing presents unique problems in the monitoring and diagnosis of the radiation
field of interest. A higher dose rates at shallow depths and limited entrance of the so
called self-shielded facility restrict the choice of dosimetric system both for dose
measurement and calibration of routine dosimeter using this type of facility. This gives
an opportunity to provide a proper calibration for dosimeter which can be use in real low
energy environment.

A prototype graphite calorimeter was designed to make reliable dose measurements
for electron beam energies down to 200 keV. The system was designed to incorporate a
datalogger which started logging temperature a short time before it passed under the
beam and it continued taking data until well after the end of the irradiation. Data could be
retrieved at any time after the calorimeter had emerged from the irradiator.

The design was such that thin film dosimeters, e.g. cellulose triacetate (CTA) and
blue cellophane (BC), could be inserted between the expanded polystyrene thermal
insulation and the aluminised mylar thermal reflector. The measured difference in
temperature rise recorded with and without the dosimeter film stacks in position, made it
possible to determine the absorbed dose in the dosimeter films.A calibration factor could
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then be determined to relate the radiation-induced absorbance of the film to the measured
absorbed dose.

2. EXPERIMENTAL

2.1 Calorimeter design

A cross section of the calorimeter (Figure 1) shows the graphite core, 50mm
diameter and 2mm thickness, enclosed by a graphite scatter ring. The entire graphite
system rests on a 14mm thick polystyrene foam block. The limited entrance to the
irradiation area of the self-shielded used in this study (i.e. Electron Curetron EBC-200-
AAC) constrained the total thickness that could be used in this design. Thermal
insulation above the graphite core is achieved by a lmm thick layer of polystyrene foam
and a 0.5|j,m thick aluminized mylar film stretched across an aluminium ring. These
minimize the upward heat losses from the core, mostly caused by the compressed air
cooling of the acclerator window.

Aluminised mylar
' m s . , . Graphite absorber

Al ring r Scatter ring Cork

Expanded polystyrene backing

Fig. 1 Schematic cross section of calorimeter

A 0.5mm diameter glass bead thermistor was used as a temperature sensor
connected to a Wheatstone bridge. The bridge-out of balance voltage is detected using a
commercially available tinytalk voltage datalogger which is incorporated inside the
complete calorimeter assembly. The datalogger, bridge and the whole system is placed in
are shielded from the radiation by a thin sheet of lead and the whole system is placed in a
PVC casing (Figure 2).

The calorimeter was set to start logging a short time before placing on the sample
holder and passed under the beam. It continued taking data until well after the end of the
irradiation. Data could be retrieved at any time after the calorimeter had emerged from
the irradiator.
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Fig.2. Low-energy calorimeter with datalogger system

Data logging and data retrieval used the window-based software which also permit
the off-loaded data to be viewed, saved, printed and exported to another programme.

2.2 Irradiation Facilities

Irradiation was carried out at 200 keV on the Electron Beam Curetron (EBC200-
AAC) with a 17.5 |j.m titanium window. This is a self-shielded accelerator which
produces energies from 150 to 200 keV and beam currents from 2 to 20 mA. It also
equipped with a conveyor to transport samples through the irradiation chamber at speed
which can be set between 3 to 30 m.min"1. The distance between the beam window and
the sample is fixed at 35 mm.

2.3 Calibration of film dosimeters

The calibration of two widely-used thin film dosimeters - cellulose triacetate
(CTA) of thickness 125 |0,m and blue cellophane (BC) of thickness 25 |im - was
accomplished by the sequential measurement of temperature rise with and without the
insertion of film above the graphite core. The total film thickness was chosen to be
equivalent to approximately one third of the projected range of 200 and 500 keV
electrons in the film dosimeter. This will give a good indication of both the optical
density measured by film and the remaining energy which penetrate the core.

A difference in the absorbed dose determined from the two measurements gave the
dose deposited in the film. Optical absorbance in the film was measured with a Hitachi
UV spectrophotometer U-3210.
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3. RESULTS AND DISCUSSION

3.1 Calorimeter Response

Typical temperature-time plot for the datalogger system at 200 keV is shown in
Figure 3. A slow temperature drift before irradiation begins (period I) is followed by a
rapid rise during irradiation (period II) and then a slow cooling after the end of the
irradiation (period III). Temperature rise, AT in the graphite core was determined from
the extrapolation of the pre- and post-irradiation periods to the mid-temperature of the
irradiation period.

The temperature rise is related to average dose over the total volume of graphite
absorber through the following equation:

- = CgraphitexAT
m

where E is the deposited energy, AT is the temperature rise induced by the radiation, m
and Cg are the mass and the specific heat capacity of the graphite core respectively.
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Fig.3. Temperature time pattern using datalogger system at 200 keV

The calorimeter was first irradiated at several beam parameter and values of AT at
typical conveyor speeds and beam currents for the 200 keV beam is shown in Figure 4. It
gaves linear response of temperature rise with beam current and proportional to the
reciprocal of the conveyor speed at constant beam current. The best fit to the temperature
rise has a negative intercept at zero beam current which indicate the uncertainties in the
temperature rise determination and are related to the non-linear shape of the cooling
curve which affects the accuracy of the extrapolation.
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Fig.4. Relation between temperature rise in the graphite core and the beam current at
different conveyor speeds at 200 keV.

3.2 Calorimeter Response With Film Dosimeter

The addition of film dosimeters above the calorimeter core introduced a reduction in
the temperature rise detected (Figure 5). The difference of temperature rise recorded with
and without the insertion of film stacks provided an accurate determination of absorbed
dose by the films (Figures 3 and 5). A calibration curve or calibration factor of the
optical density change in the film in the relation the dose absorbed can then derived
(Figure 6).
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Fig.5. Temperature time pattern with film dosimeter in the datalogger
system at 200 keV
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Fig.6. Calibration curve for (a) CTA and (b) BC film dosimeter

For a linear dose response of the CTA, A calibration factor could therefore be
defined as :

AA

D
film

D film

where AA is the change in absorbance, at a wavelength (280nm), of i layers of film each
of thickness Zj, due to an absorbed dose Df,im. A measured calibration factor of 0.0062 ±
0.0002 kGy"1 was found to be in good agreement with measurements at other institutions
made under different conditions.

A slight non-linearity was observed in the calibration curve for the BC film and a
second order polynomial expression was fitted to the calibration data permitting the dose
to be estimated without difficulty:

NetOD/ =-0.4014x2+9.7155x- 2.940
/mm

where x is the absorbed dose (kGy)

4. CONCLUSION

A simple and accurate method using this real time low energy calorimeter is a
superior technique to overcome the difficulties with the dose measurement using a self-
shielded low energy facility. It will provide a useful solution for an effective method of
dose measurement and calibration of thin film dosimeter for low energy electron beams.
The advantages of the calorimeter are that:
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(a) it permits use on either on-line and off-line facilities
(b) it is suitable for daily used since the data can be retrieved at any time after it

comes from the beam
(c) it provides for a precise calibration of the beam and film dosimeters under

irradiation conditions.
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