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Abstract. A simple fast method for detennination of the isotopic ratio, using a 
neutron source with intensity 5 x 104 n/ s, is described. Gas detectors filled with 
3 He are used. The accuracy of the method is in the order of 0.4 % or less. 

1. Introduction 

For almost all natural elements the ratio of the abundance between their stable isotopes 
is fixed. There are only a few elements excluded from this natural dependence. One of 
them is boron. 

Tbe. isotopic abundance ratio between the two natural boron isotopes has been mea
sured by many researchers. It was established first in (1] that the concentration of 10B 
fluctuates from 18.45 to 19.45 %. In the literature we can find many different values, 
like 19.6 [2], 21.6 [3], 19.78 [4] and ones of the latest values are in the range of 19.l 
to 20.3 [5]. Those measurements are massspectroscopic ones performed by heavy and 
expensive methods. The method described in [6] is based on the time-of-flight of neu
trons from a white spectrum pulsed neutron source, which is also quite difficult and 
expensive to perform. 

From the natural variations of 10B, the atomic weight and the thermal neutron cross 
section for boron fluctuate too. The value of the neutron cross section of boron for 
thermal neutrons is very important for the reactor physics. The material used in the 
nuclear reactor is usually boric acid and for a precise regulation of power it is necessary 
to know the quantity of 10B in this substance. 

We are proposing a fast and relatively inexpensive metho.d for checking the isotopic 
abundance of 10B in a sample of boric acid with a satisfactory accuracy. 
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2. Experimental Method 

For detennination of the isotopic quantity of 10B a device is used, which is shown 
schematically in Fig. l. In a cylindrical container, there are two or more thermal neutron 
3He detectors. A neutron Po (Be) source with an intensity of 5 x 104 n/s is fixed 
between them on the container axis. The vessel is filled with aqueous solution of 
boric acid. Under these measurement conditions, the water plays the role of moderator 
of fast neutrons from -a neutron source. The water does not change its features of 
moderator in the limited concentrations of boric acid. For registration of neutrons 
which are moderated to thermal energy, 3He counters were used, which practically 
are sensitive only to the thennal neutrons. The detectors are specially selected and 
particular attention is paid to their operating characteristics. The high voltage is so 
chosen as to avoid the fluctuations of the registered neutron number, with the exception 
of statistical fluctuations. Suitable electronic units provide a standard detector pulse 
shape and summing up the pulses into the counter. About 750000 pulses are registered 
for 1000 seconds when the water is clean and the neutron source is fixed. In this 
case the relative statistical error is about 0.11 3 within 1 s, which is sufficiently low 
quantity. However, it can be reduced further if more counters and a neutron source of 
higher intensity are used, i. e. to achieve higher statistics. 

Fig. 1. Schematic view of the device: 
1 neutron source 5 x l 04 n/s; 2 neutron 3 He detectors; 3 cylindrical ves
sel filled up with water with boric acid 

The intensity of the thermal neutrons registered from the counters is a function 
of the concentration of the boric acid in the solution if the dimensions of the water 
container are fixed. This dependence is shown in Fig. 2. It is obvious that with increase 
of the boric acid concentration the intensity of thennal neutrons decreases from some 
maximum initial value for clean water. -

The decrease in the number of detected neutrons is the highest in the beginning 
with 0-2 g/l boric acid concentration, i.e. the selected configuration is most sensitive 
in this region. That is why we choose 1 g/l as working concentration. In fact if the 
isotopic ratio is fixed, this determines the number of atoms of 10B. Taking into account 
the atomic weight of boric acid on the second ax of Fig. 2 is shown the concentration 
of 10B in atoms per liter. 

The expected changes of 10B are in the range of 19-20.5 3, i.e. about 6 3 from 
the initial value. Analyzing the dependence in Fig. 2, it can be accepted that a linear 
approximation can be used with sufficient accuracy for a concentration about 1 g/l in 
the limits of 6 3. 
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Fig. 2. Dependence of the registered neutrons from the concentration of the boric acid 

3. Determination of the Isotopic Ratio 

Two approaches can be applied for determination of the 10B isotopic ratio. In the first 
case we can compare two measurements; in the second one we provide the calibration 
of the device. 

3.1. Method of Comparison 

We can choose several concentrations of boric acid about 1 g/l, which are distinguish
able in the limits of 6-8 %. Using these concentrations, it is not difficult to determine 
the coefficient of linear dependence for the corresponding interval, i. e. the slope of the 
linear function in the region of about 1 g/l can be reasonably well determined. 

In the case of unknown concentration of 10B (see Fig. 3) if we obtain a lower 
number of neutrons, but with the standard concentration of 1 g/l, this would mean a 
higher number of atoms of 10B, hence a higher ratio of the above mentioned isotope. 
The difference is quite low, but possible to be measured. With Fig. 3 we can estimate 
the number of atoms in this sample even from the graph. In the measuring time 1000-
2000 s the statistical error within 3 <J is about 0.3 %. The error of the boric acid mass 
determination is 0.1 mg or 0.01 3 which can be neglected. After taking into account the 
other inaccuracies of the prepai;ation of the solution, the final error of the measurement 
is in the frame of 0.4 %. This accuracy is quite satisfactory for a number of problems 
connected with the use of 10B. If the ratio of 10B in a standard solution is unknown, 
we can estimate the relative difference in the samples. The final error depends mainly 
on the number of registered neutrons, which can be selected from the conditions of 
measurement. 
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Fig. 3. Illustration of the method of comparison 

3.2. Absolute Calibration 

In case we have a few boric acid standard with a known 10B content, this device can be 
absolutely calibrated. If the standard samples are with well-known isotopic ratio, (mass
spectroscopic measurements), the accuracy can be increased to 0.2-0.3 % relative error. 
Finally the error depends again fully on the statistic and on the instability of the counter 
system. The stability can be checked and controlled. Practically there are no restrictions 
for the statistics. Unfortunately we do not have samples with mass-spectroscopically 
detennined isotopic ratio. 

The above mentioned system can be used for a control of the 10B content in a 
working solution of boric acid in water-water energy reactors. 
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