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Principle of the Method Used

The radiolytic decomposition of fluorocarbons can be used
for in-pile dosimetric purposes. According to the atomic composition
fluorocarbon dosimeters are insensitive to fast and thermal neutrons
and from the experimental results the pure gamma dose rate may be
deduced with only minor corrections for fast neutron contributions.

For the present purpose, a version of the fluorocarbon
dosimeter has been used as has been proposed in references (1) and (2).
This method consists in measuring the production of F-cyclohexane
(C6) from irradiated F-methylcyclohexane (C7) by gas chromatography.
The response of the system is non-linear but this causes no problems
if a calibration curve is used. The response is independent of dose
rate, almost independent of temperature and independent of the presence
oi oxygen and therefore the samples can be irradiated in the presence of
air. The response for fast neutrons is lower than that for gamma
radiation, which reduces even more the fast neutron correction. The
experimental procedure is quite simple and fast.

If the system is used together with some other chemical
dosimeter containing hydrogen (e.g. aqueous systems or cyclohexane)
it is possible to determine both gamma and fast neutron dose rates
provided the contribution due to the latter is high enough.

Irradiation of the Dosimeters

The irradiations were performed in positions A-6 and B-7
of the light water moderated N.R. C, "Democritos" research reactor,
operating at 5 MW, 9 cm above the midplane of the core.

For each measurement three ampoules were irradiated
together in wet aluminum containers. The temperatures during
irradiations should have been only slightly higher than ambient due to
the contact with the cooling water. In each of the two positions used,
one irradiation only was performed. The irradiation times (0. 50h for
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positions A-6 and 1.00 h for position B-7) were chosen so as to obtain
a dose of approximately 80 Mrad per irradiation, a region where the
precision of the system is high and the non-linearity very low.

Preparation and Analysis of the Fluorocarbon Samples

Perfluoro-methylcyclohexane (F-methylcyclohexane, C7 )
obtained from Imperial Smelting Corp. , Avonmouth, England, was used.
Contrary to prior shipments which had been gas chromatographically
pure the batch used for this experiment had to be purified by preparative
gas chromatography (2 m Porapak Q, 160-220° C). The purified
samples showed no detectable impurities. Quartz ampoules (outer
diameter about 8 mm, height about 85 mm) were filled with about 300 p.1
of C, each and sealed without removal of air.

About 17 hours after irradiation the ampoules were opened
and analyzed. For analysis a Perkin-Elmer Model 452 gas Chromato-
graph was used. This instrument is equipped with a thermistor
detector located inside the column oven. For separation a 2 m x 6 mm
Porapak Q column was used at a temperature of 200° C and a helium
carrier gas flow of about 55 ml/min.

From each of the ampoules three 5 p.1 samples were
removed with a Hamilton syringe and injected. In each run, the peaks
up to F-dimethylcyclohexane (C8) were recorded. After that peak the
base line is stable enough to allow the immediate injection of the next
sample. For each run, the Cß and C„ peaks were evaluated by multiplying
peak heights and the corresponding half widths. The different detector
sensitivities for C6 and C7 were accounted for by applying a correction
factor determined under the same analytical conditions with a known test
mixture. Thus, weight ratios of Cß to the sum of C6 and C can be
determined.

From the average G-values measured earlier (ref. 2,
fig. 3) a calibration curve was prepared relating the measured weight
ratios to the gamma doses D 3 . In the case of mixed pile radiation
the dose D¿¡ a obtained from that calibration curve includes a contribu-
tion from fast neutrons too. Since G^(C6) is only 60% of GY(C6),
DgF a - D C F s + 0. 60 DN

 2 . The fast neutron contribution must be
determined by some independent means in order to obtain pure gamma
dose values. For the irradiation positions under consideration this
correction is only a minor one; it can be estimated to be less than
about 1% of the total dose. Therefore, if the fast neutron contribution
cannot be measured separately, the fluorocarbon dose can be taken as
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the pure gamma dose with sufficient accuracy and dose values for
other absorber material (e. g. carbon and water, to allow comparison
with the data from other dosimeters) can be calculated sufficiently
accurately by using electron density ratios.

Results and Discussion

The following results have been obtained:

a) Position A-6 (irradiation time 0. 50 h):

Percentage of CR produced (average
over 9 parallel determinations)

Dose according to calibration curve

Total dose rate in fluorocarbon

Standard deviation for a single gas
Chromatographie determination

Standard deviation of the average
values given

p = 0.258%

D^F3 = 83. 5 Mrad

d^Fs = 167 Mrad. h"i

a = ± 11.5%

CT =

a
(a = 9)

Estimated systematic error (accuracy
of the calibration used)

Resulting total error

a = ± 3.8%
cL

a = ± 5%
s

o\ = ± 6 %

b) Position B-7 (irradiation time 1. 00 h):

Percentage of C& produced (average
over 9 parallel determinations)

Dose according to calibration curve

Total dose rate in fluorocarbon

p = 0.241%
PU

D_ a = 78 Mrad

dl. s = 78 Mrad.h'i
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Standard deviation for a single gas
Chromatographie determination = ±8.4%

(n = 9)

n

Estimated systematic error (accuracy
of the calibration used)

Resulting total error

c) Dose rate ratios

a = ±2.8%
a

a - ± 5%
s

o> = ± 6%

The ratio of the total dose rate in position A-6
over that in position B-7 is

= 2. 14

These total dose rate values are compared with the values obtained
by calorimetry and by use of the other chemical dosimeters in the
final section of this report.

The precision of the gas chromatographically determined
C6-production found is considerably worse than what was found earlier
under (he same conditions (ref. 2). The reason for this maybe that the
sensitivity of the gas Chromatographie detector used in the infcercomparison
experiment is a factor of 4 lower than the sensitivity of the detector used
in ref. (2). This lower sensitivity is mainly due to the fact that the
former detector is located in the column oven and therefore has to be
operated at an unfavourably high temperature.

Increasing the sensitivity of the detector and/or increasing
the number of parallel samples taken from each ampoule should also
increase the precision of the measurements. Since there is the
possibility of a systematic error of about ± 5%, the accuracy could be
enhanced only slightly by such measures.
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