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Introduction

The oxalic-acid dosimeter was first described by Draganic,
who suggested it especially for pile dosimetry (1,2). This chemical
system is particularly advantageous for in-pile measurements since it
satisfies the following conditions:

no significant activation induced by neutron flux,
possibility of measurements in the mult i-me gar ad range (1-100
Mr ads),
thermal stability up to 80°C before and after irradiation,
radiation yield largely independent of; LET,
irradiation temperature (up to 60° C),
energy of photons and dose rate up 109 rad/sec,
insensitivity to small amounts of organic impurities, and
storage stability for several months.

Recent papers (3-5) have shown some new possibilities of its application
for routine reactor measurements. The process employed for the
determination of absorbed dose is the radiolytic decomposition of
oxalic acid in aqueous solution, yielding COa as the main product.
But the existence of some other competitive reactions have been
demonstrated. Because of this, the accuracy of measurement is
dependent upon recalibration of the system before use, e. g. by means
of a calorimeter. The reproducibility is better than ± 3%. The
system used is a 25 to 600 mM aqueous solution of oxalic acid. The
range of measurement of absorbed dose is usually 0. 5 to 100 Mrads.
The upper limit for a particular concentration is set by the accumulation
of radiolytic products which take part in the process. The lower limit
is determined by the sensitivity of the analytical methods presently
available.

Mechanism

In the presence of oxygen, oxalic acid is decomposed by
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radiation into carbon dioxide, hydrcçen, and hydroxyl radicals as
principal products. Kydroxyl radicals and H atoms formed in water
under irradiation react with oxalic acid (6).

COOH
I
COOH

+ OH -HaO + COO- COOH
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The radiation reactions are altered by oxygen (?)

COO« COOH O a - 2 COS + H0E
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But under high dose conditions, since oxygen is quickly consumed in
sealed cel ls , the latter ¿wo reactions are replaced by

COO'COOH - COS + COOH

OH
I

C-OH

COOH

H2O + CO-COOH

A completely satisfactory mechanism has not yet been proposed since
the fate of the free radicals formed in these reactions has not yet been
fully determined. The decomposition yield is dependent upon the total
time of irradiation (8) as some of the intermediate decomposition
products (glyoxal and glyoxylic acid) react further after their formation.
When the length of irradiation is of the same order of magnitude or less
than the lifetime of these products, they will react to a greater extent
with the primary radicals, decreasing thereby G_ instead of
forming condensation products, or reacting with H2O3 . This mechanism
introduces a kind of dose-rate influence at low dose rates, which makes
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it necessary to calibrate the dosimeter under the conditions where it
is to be used.

Experimental Procedure

According to the dose region to be measured, the initial
concentration of oxalic acid is varied in the range from 25 to 500 mM.
Table 1 (5,8,9, 10, 11) gives the concentrations of oxalic acid for doses
in the range from. 0. 5 to 100 Mrads.

Reagent grade oxalic acid can be used. Additional purifica-
tion of the oxalic acid and careful purification of the water are
unnecessary. The error introduced by the presence of oxygen in an
aerated solution is negligible except at lowest doses and concentrations
of oxalic acid solution. The solutions are irradiated in quartz
ampoules, stoppered or flame sealed with minimum air space over the
solutions (equal to about 1/4 to 1/5 of the total volume). The ampoules
must be able to withstand the high pressure of carbon dioxide and
hydrogen produced during irradiation. For irradiations at doses above
40 Mrads the ampoules should be frozen before opening. The absorbed
dose is calculated from the amount of oxalic acid consumed during
irradiation. This is usually determined by NaOH titration of the
unirradiated and the irradiated sample. It can be carried out by
spectrophotometry of the cupric benzidine complex of oxalic acid.

For NaOH titration an aliquot of the dosimeter samples is
diluted with water, and kept for half an hour at a temperature of 80-90°C
in order to remove radiolytic CO3> and then titrated with standard 0. 1 N
NaOH solution. Phenolphthalein (1% solution) is used as an indicator.
The aliquots of irradiated samples can be weighed on an analytical
balance instead of using pipette. The titration should be stopped at the
point where the sample remains pink for 10 sec.

Dose Calculation

Up to about 60% decomposition the rate of radiolysis of
oxalic acid follows a first order equation (-dC/dt = k C for radiation
yield G value constant during irradiation). It can be transformed into
an expression convenient for routine work as follows:
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TABLE 1

Some Recommended Oxalic Acid Dosimeter Data

Oxalic acid
molality

mM/1

25

50

100

200

250

300

500

600

Oxalic acid
(COOH)8-2HMO

cone,
B/l

3. 15

6.30

12.6

25.2

31.5

37.8

63.0

75.6

Density
g/cm3

1.0010

1.0030

1.0050

1.0100

1.0125

1.0150

1.0250

1.0300

Dose Range
Mrads

0. 5 to 5

1 to 10

2 to 20

4 to 35

7 to 40

9 to 67

14 to 80

10 to 100

NaOH
Solution

Normality

0.05

0.05

0. 10

0. 10

0.2

0 . 3

0 . 3

0 .3
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where

d - absorbed dose (Mrads or eV ml)

C and C - oxalic acid concentrations before and after
irradiations (molecules ml)

a .. - proportionality factor (eV molecule)

T .n .p .3 . 1« 1O30

o
X

T. n- P- 3. 1 . 10SO
C = _.————

where

X - sample weight of irradiated solution, (g)

X - sample weight of unirradiated solution, (g)

T - volume of NaOH titrant used for titration of X (ml)

n - normality of NaOH solution, (g equ/1)

o - density of oxalic acid solution (g/cm3)

For mixed pile radiation a ., depends mainly on the gamma and
neutron contributions to the total absorbed dose (F^ and F ) and the
corresponding "a" values for each component (a,, and an respectively).

Their relationship has been proposed by Draganic (9) as:

i F F

1 _y _n
" a a

v n

From comparisons of calorimetric and chemical measurements
Draganic suggests that "a " value equals 41. 5 and "an" value equals 58.

In Draganic1 s opinion the value of "a " = 49 eV/molecule
can ba used within ±4% systematic error for the absorbed dose calcula-
tion for all the ratios of gamma to neutron contribution from 60:40 to
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40:60. The error is larger, Up to ± 10%, for ratios from 80:20 to
20:80.

A simpler relation, for routine use, is (12, 13);

pile
200

G

Measurements and Results

The absorbed dose rate measurements reported here
were made in vertical channels, number A-6 and B-7 of the Greek
Research Reactor-1 (14) at Democritos Center, see Table 2.

TABLE 2

Irradiation and Reactor Data for Aqueous Oxalic
Acid Dosimeter Measurements

No. of
sample

1

2

3

4

Channel
n o .

A-6

A-6

B - 7

B - 7

Irrad.
time,
min.

10

10

2 0

2 0

Power

M W
± ?%

5

5

5

5

«Pfast
n/cm2 sec

± 10%

3.15xl0is

3.15x101*

6.82xlOH

6.82xlOH

*th.
n/cirfi sec
± 10%

2.1x1013

2.1x1013

5.2x1013

5.2x1012

'"gamma
rad/h
± 10%

1.3xlOa

1.3xlO8

5.0xl07

5.0xl07

A set of 4 quartz sealed ampoules each one 2.2 cm in diameter and 11 cm
in height containing 16 ml of 200 mM aqueous oxalic acid solution was
irradiated in succession in GRR-1, July 4, 1972

The ampoules were positioned vertically by means of
an aluminum spacer, and the center of each one was 9 cm above the
middle plane of the core.
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These ampoules were brought to the Radiation Chemistry
Laboratory and opened after which the remaining concentration of
oxalic acid in each of them was determined as above, by NaOH titration.
The volumetric measurements of the titrated solution and the titrant
were checked by weighing on analytical balance with an accuracy within
± 2 x 10"* g.

Assuming the value of the proportionality factor a .. =
49 eV/molecule the following average results were obtained

B-7 - - 86.8Mrad/h

A-6 - - 183.5Mrad/h

The accuracy of these measurements is evaluated to be ± 4 to ±10%.
The above results show a satisfactory agreement with the calo rime trie
measurements performed by means of a graphite sample calorimeter
when the difference of absorption coefficients for graphite and oxalic
acid (treated as a water equivalent material) are taken into account.
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