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Abstract 

A new irradiation facility has been designed, constructed and located at the 
Experimental Nuclear Physics Department, NRC, AEA, Cairo. The facility is based on 
an Am-Be Ca, n) source with activity of about 175 GBq results in a neutron yield of 
about 2.5* 106 nls. The geometrical arrangements of the facility consider the safety 
aspects and protection rules. This new irradiation facility uses fast and epi-thermal 
neutrons that can be used in basic research and industrial applications. The aim of the 
present work is to develop methods able to use fast and epi-thermal neutron activation 
analysis to estimate the hydrogen content in bulk samples through neutron reflection and 
transmission processes. 
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1 - Introduction 

Among more than 150 different instrumental analytical methods the neutron based 
techniques have kept their leading positions in solving special problems and are used in many 
different applications [1- 4]. Many other techniques such as neutron reflection, back-scattering, 
transmission and radiography are also possible [5]. 

Beside its sensitivity and accuracy, the applications of neutrons have the following 
advantages: fast and non-destructive, no matrix problems especially for fast neutrons, multi- 
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elemental analysis of complex and large volume samples by activation and nuclear reaction 
methods. Moreover, the important advantage of avoiding the problem of interfering reactions 
and overlapping levels in the complex gamma spectra. 

Neutron scattering has two advantages, for which x-ray scattering could not do easily. One is 
that neutron is a very good tool in locating hydrogen atoms in a molecule due to the fact 
that neutronproton scattering cross section is large. This is particularly important for study of 
biological samples. The other advantage is that since neutron has magnetic moment, neutron 
magnetic scattering enables to study magnetic properties of materials. 

Neutrons and neutron induced gamma-rays are able to penetrate high density objects and to 
identify contrabands, and also to detect fissile materials even in large cargo containers. These 
investigations based mainly on neutron scattering, transmission, profiling and imaging techniques [6,7] 
were completed with the slowing down of epithermal neutrons in hydrogenous samples [8,9]. 

Based on particle-wave"duality principle, one can use neutrons (or electrons) to material 
structure studies. Neutron energy of a few mill i-electron-volt (meV) corresponds to wavelength 
of Angstrom. This is a typical inter-atomic distance with matters. This is the reason for use of 
thermal neutrons to prove structures of matters. 

In a previous work, an irradiation facility based on four similar Am-Be (a, n) source with 
activity about 700 GBq results in a neutron yield of about lx107 n/s. The details of this Cairo 
Irradiation Facility (CNIF) were presented in [10]. The facility was used to develop methods able, to use 
thermal and epi-thermal neutron activation analysis of bulky samples, ~ kg weight and liter 
dimensions. 

The new irradiation facility uses fast and epi-thermal neutrons that can be used in 
industrial applications and basic research as well. The main aim of the present work is to 
develop methods able to use this new facility, (CNIF2), to study reflection and transmission 
processes using fast neutrons to estimate the hydrogen content in bulk samples. 

2. Experimental 

An arrangement was constructed to shield the neutron source for safety and protection 
purposes. The neutron source has a cylindrical shape of 22 cm length and 4.4 cm thickness, and 
an external system was carried to pull the neutron source from its house to a fixed position in 
free space, using two wheels to be far enough from the source while it is pulled out to irradiate 
samples. The source turns back to its house after irradiating the sample, and after few minutes 
the activated In sensor detector was measured. A general view of the experiment layout and an 
horizontal section for the neutron shielding house are presented in figures 1 a and 1 b. 
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Figures 2a and 2b present the general views of irradiation geometry for neutron 
transmission and reflection processes. 

Among the various methods of measuring water and hydrogen content of materials is 
that based on the moderation of the fast neutron emitted by a radioisotope neutron source. If a 
thermal neutron detector is placed onto the free surface of a semi-infinite slab the reflection 
coefficient 1) of thermal neutrons is given by: 

11 = (I - 10) / plo 

where I and 10 are the counting rate with and without slab and p is the density of the slab. The 
value of 11 depends also on the density and composition of the samples. However, there are 
some basic parameters of the experimental setup that have an important influence on the value 
of 11. 

 
Foils activation technique have distinct advantages over counters because of their 

smallness. This property is mandatory when one measures neutron flux in confined areas or in 
places where the neutron flux gradient is large and fine structure is to be measured. Foils can be 
cut very thin and small. With smaller foils one can get more detailed information and the 
perturbation upon the neutron flux is smaller. But small foils mean lower foil activity and 
therefore lower accuracy in the flux determination. When measuring very high fluxes, very thin 
and small foils can be used to maintain minimum flux perturbation and resolution. At moderate 
and low neutron flux measurement, one has to compromise between accuracy, flux perturbation 
and resolution. Using thicker foils one adds more and more material and the total activation 
cross section of the foil increases. 

 
The activity of In, Au and Dy foils were measured by using a gamma ray spectrometer 

consisting of a HPGe detector with an efficiency of about 70% for the 1.33 MeV gamma ray energy of 
60CO associated with necessary electronics for data processing. A set of calibrated standard point 
gamma ray sources was used for energy calibration and absolute efficiency determination of the gamma 
spectrometer. 

 
The hot area, the active region, along the vertical axis of the source has been previously 

determined using the 115In (n, n'y) reaction ( E y = 336 keV; TY2 = 4.486h ). The maximum 
neutron yield distribution of the neutron source is at its mid height [10,11]. 

 
Three different types of experiments were performed to study the influence of the basic 

design parameters on its sensitivity S. In the first experiment the influence of the source-
detector distance (D) on S was studied. In the second the influence of the sample thickness was 
explored. Finally the influence of the sample composition was investigated. 
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 3. Results 

The thermal and epi-thermal neutron flux has been determined by bare and Cd covered 
In foils. The epi-cadmium activation of indium is mainly through its 1.457 eV resonance. 
Though the thermal neutron flux can be determined by the cadmium difference method, the use 
of l/v detector such as Dy, for example, is recommended. 

The activity corresponding to 416.9, 1097.3, and 1293.6 keY gamma ray energies emitted in the 
decay of the 116mIn isotope produced in the 115In (n,y) reaction were measured via the In detector foils. 
Its favorable 54.3 min half-life can assure the determination of the flux distributions by a quick way. The 
activity corresponding to 411 keY gamma ray energies emitted in the decay of the 198 Au isotope 
produced in the 197 Au (n,y) reaction were measured via thin pure gold foils. For Dy sensor foils, a 
Gieger-Muller counter was used to determine their activities. 

In the first experiment, the influence of D on S was studied. The behavior of S vs D 
is shown in Figure 3 and can be fitted by the expression: 

S = -0.0157D3 + 0.8369D2 -14.061D + 135.25 

Figure 3 shows the dependence of the source-distance on the sensitivity. 

This result differs from that concluded in [6] where they stated that sensitivity S is 
linearly related to the distance D. 

In the second experiment, the neutron reflection coefficient 11 for water, Methyl-alcohol and 
Kerosene, are measured as a function of sample thickness. The results are presented in Figure 4. The 
figure shows the general behavior of some hydrogenous moderators 

From these results, one can conclude that one reaches maximum sensitivity for such 
hydrogenous moderators at a thickness of about 7 cm. 

Finally, the influence of the sample composition (Hydrogen concentration) for different 
moderators is studied and the neutron reflection parameter as a function of H % is determined. 
The results are presented in Figure 5. From these results, the linear dependence is clear. This 
means that one can determine easily the hydrogen content in any unknown sample by 
calculating the neutron reflection parameter. 

4- Conclusion 

The new irradiation facility, (CNIF2), uses fast and epi-thermal neutrons that can be 
used in many industrial applications and basic research as well. The measurements of reflection  
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Fig. 1a: General view of experiment’s 
assembly 

  
Fig. 1b: Horizontal section of the neutron house 
shielding. 

 
 
 
 
 
 

  
 

Fig. 2a: Neutron transmission, sensor 
behind. 

 
  

Fig. 2b: Neutron transmission, sensor in 
front. 
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Fig. 3: The dependence of the average 

neutron flux on source-sample distance. 
 

  
Fig. 4: Neutron reflection parameters as a 

function of sample thickness for water, 
methyl-alcohol and kerosene. 

 
 
 
 
 
 
 

  
Fig. 5: Neutron reflection parameters as a function 

of H% for different moderators. 
 


