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A previous method used for the determination of the average neutron flux within
bulky samples has been applied for the measurements of hydrogen contents of
different samples. An analytical function is given for the description of the
correlation between the activity of Dy foils and the hydrogen concentrations.
Results obtained by the activation and the thermal neutron reflection methods are
compared.
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INTRODUCTION

Among the about 150 different instrumental nuclear analytical methods the neutron
activation analysis has kept its leading role especially in the non-destructive multi-elemental
analysis of complex samples. The principle of this technique was introduced by Hevesy and
Levi in 1936 [1] as a tool in analytical chemistry. He has pointed out also the drawback of this
method if a sample contains high absorbing elements which can disturb significantly the
neutron field. As a result of this effect a serious limitation appears in the use of activation
analysis in particular for complex bulky samples. Therefore, a method developed [2] for the
determination of the thermal neutron flux perturbation caused by a thin absorbing sample has
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been extended [3] for bulky substances. In an pur previous experiment a definite excess in the
thermal and epithermal neutron fluxes was observed for hydrogenous samples paced in a Cd
holder [4]. For the verification of the correlation between the neutron flux values and the
hydrogen contents of the samples a systematic measurement was carried out.

EXPERIMENTAL PROCEDURE

The irradiation facility based on a Pu-Be neutron source of 5.25x106 n/s yield and a
hydrogenous moderator has been described elsewhere [3,4]. The thermal neutron flux
distributions inside the samples of 3 cm diam. and 6.8 cm height were measured in five
positions by the foil activation method using the 164Dy(n,y)165Dy reaction. The activity of the
foils placed along the central line of the samples was determined by an end-window G-M
counter. For the separation of the thermal and epithermal neutrons sample holders prepared
out of Al and Cd metals, respectively, has been applied. The schematic view of the irradiation
arrangements is shown in Fig. 1. The use of the Dy foils as 1/v detectors rendered the
measurements of thermal neutron flux distributions possible. In our experiment samples made
of SiO2+H2O, various types of polyethylene (CH2), PVC (C2H3C1), plexi glass (C5H8O2), s-
caprolactam (CaHnON), paraffin (CH2).
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Figure 1. The schematic view of the irradiation arrangements.
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RESULTS AND CONCLUSION

From an analysis of the flux distributions of thermal neutrons the following conclusions
can be done:

a) The flux distributions measured along the axes of the samples using an Al holder can be
approximated by the same expression as given in Ref. [2] for thin absorbing samples, i.e.

f(x)=l/(ax2+bx+c). (1)

where x is the distance measured from the edge of the sample (see Fig. 1.), while a, b and c
are fitting parameters. Some typical measured and fitted flux distributions are demonstrated in
Fig. 2. for SiO2+H2O mixtures. In the case of PVC a definite minimum exist in the flux
distribution caused by the high absorption cross section of Chlorine for thermal neutrons.
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Figure 2. Some typical measured and fitted flux distributions for SiO2+H2O mixtures.

b) It was found that the average neutron flux in the cylindrical-shaped sample of height d
deduced from Eq. (2) is slightly sensitive for the hydrogen concentration of the sample.

(2)
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Therefore, for the bulk hydrogen analysis the use of thermal neutron reflection method [5,6,7]
is recommended.

c) The contribution of the epithermal neutrons to the activity of the Dy foils placed in the
positions indicated in Fig. 1. does not exceed 1%. The Dy foils were covered with Cd sheets
of about 1 mm thickness.

d) The flux distributions measured with Cd sample holder as shown in Fig. 3. can be
described by the following polynomial:

f(x)= ax +bx+c. (3)
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Figure 3. Flux distributions measured with Cd sample holder.

e) The average neutron flux was determined by using Eqs. (2,3). A definite correlation was
found between these flux values and the hydrogen concentration of the samples. As shown in
Fig. 4. the flux value of neutrons thermalized in the sample increasing exponentially with the
hydrogen concentration. The relation between the average flux values and the hydrogen
concentration [(atom/cm3)* 1023] can be given by the following equation:

lg«t>=1.723*c-1.166 (4)

f) Data in Fig. 4. clearly indicate the possible use of this method for the determination of
hydrogen contents for samples placed in a Cd holder. As it follows from Eq. (4) the slope of
the activity-H concentration function is 1.723. A comparison of the activation and the thermal
neutron reflection methods indicates that the sensitivity of the latter for the detection of
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hydrogen is higher with about a factor of 2. However, the matrix effect can change in a wide
range for the reflection method as compared to the activation technique for which almost the
same relative activity (-0.05) was obtained for different elements from the graphite to the
lead, even in the case if the cavity covered with Cd contains only air, i.e. the epithermal
neutrons thermalized in the samples containing hydrogen determine the activity of the Dy
foils.
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Figure 4. Correlation between the flux values and the hydrogen concentration.

g) The thermal neutron flux value in the cavity agrees well with that obtained for the
moderator material (s-caprolactam). The average flux value in an Al cylinder filled with
polystyrene was found to be the same as for the empty cavity (air) within the limits of errors.
The flux values were normalized to those obtained for the moderator material. The ratio of the
average activities measured in Al and Cd holders filled with the moderator material was found
to be <crJ0>A|/<O0>ccrl .257/0.155=8.11.

Further investigations are in progress for the determination of the flux perturbation factor,
F both for thermal and epithermal neutrons extending the measurements for various elements.
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