
Detection, 2013, 1, 30-35 
Published Online October 2013 (http://www.scirp.org/journal/detection) 
http://dx.doi.org/10.4236/detection.2013.12005 

Copyright © 2013 SciRes.                                                                              Detection 

Neutron Imaging by Boric Acid 

Fabio Cardone1,2, Giovanni Cherubini3, Walter Perconti6, Andrea Petrucci2,4*, Alberto Rosada5 
 

1Istituto per lo Studio dei Materiali Nanostrutturati (ISMN-CNR) Via dei Taurini, Roma, Italy; 2GNFM, Istituto Nazionale di Alta 
Matematica “F. Severi” Città Universitaria, Roma, Italy; 3ARPA Radiation Laboratories Via Montezebio, Viterbo, Italy; 4Italian 
National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), Roma, Italy; 5Unità Tecnica Tec-
nologie e Impianti per la Fissione e la Gestione del Materiale Nucleare (UTFISST), Laboratorio Caratterizzazione Materiali Nucleari 
(CATNUC), Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), Roma, Italy; 
6Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA), Roma, Italy. 
Email: *andrea.petrucci@enea.it 
 
Received June 20th, 2013; revised July 24th, 2013; accepted August 8th, 2013 
 
Copyright © 2013 Fabio Cardone et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

In this paper a new type of passive neutron detector based on the already existing one, CR39, is described. Its operation 
was verified by three different neutron sources: an Americium-Beryllium (Am241-Be) source; a TRIGA type nuclear 
reactor; and a fast neutron reactor called TAPIRO. The obtained results, reported here, positively confirm its operation 
and the accountability of the new developed detecting technique. 
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Neutron Spectrometer 

1. Introduction 

The methods used to detect neutrons are commonly 
based on the emission of charged particles produced by 
the interaction of neutrons with He-3 or BF3 contained in 
the counters or detectors [1]. Another types of commonly 
used detectors are the BD, the Defender and the De-
fender XL which are Bubble Detector-Dosimeters. They 
are made of an elastic polymer gel in which minute 
droplets of superheated liquid are uniformly scattered. 
When these droplets are struck by neutrons, they evapo-
rate and form small bubbles of gas that remain trapped in 
the elastic polymer [2]. The number of bubbles is in di-
rect proportionality with the number and the energy of 
neutrons, in particular from the counted number of bub-
bles in these detectors and from their certified efficiency 
(Bubbles/mSv) one can obtain the dose equivalent of the 
neutrons that struck the detector. A further technique is 
based on CR39. The CR39 (PADC) are plastic detectors 
made of the polymer C12H18O7, whose density is 1.3 
g·cm−3. They can detect both heavy charged particles and 
neutrons when the latter is converted into alpha parti- 
cles by the nuclear reaction B-10 (n, α) Li-7 that takes 
place within a very thin homogeneous layer of B-10 that 
coats the surface of the CR39 [3]. These detectors have a 
very wide range of energy extending from tens of KeV  

(40 KeV) up to some MeV (4 MeV). A further technique 
to measure neutrons is by activation of targets made of 
thin plates of ultra-pure Au, In, Co, Cu, Mn, Ni, Al, Ti 
followed by the measurement of the gamma and beta 
activity of these plates. The detecting process described 
in this paper is based on a technique used by the authors 
in previous experiments in which polycarbonate plates 
(CR39) were surrounded by a layer of suitable thickness 
of granular boric acid H3BO3 [4]. In the present case, the 
polycarbonate plates were substituted for a normal pho- 
tographic film made of an acetate substrate with a layer 
of silver halide spread on it. This film was surrounded by 
a layer of H3BO3 of suitable thickness as it was for the 
plates. In both cases, the grains of boric acid have the 
same dimension. Due to a patent pending on this tech- 
nique we are not allowed to provide further details. This 
method is based on the same technique described above 
where neutrons are converted by the boric acid into lith- 
ium 7 and alpha particles by the reaction 

10 5 7 4
5 3B n Li 2.31 MeV    1        (1) 

and the latter interact with a polycarbonate plate on 
1The available energy is devided between the alpha particle and the 
Lithium atom. When the latter is left in a non-excited state (about the 
6% of the time) the available energy is 2.792 MeV while when the 
Lithium atom is left in an excited state (about the 94% of the time) the 
available energy is 2.31 MeV. *Corresponding author. 
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which they produce peculiar tracks. 

2. Description and Preparation of the  
Detectors 

According to the reaction mentioned above, we devel- 
oped a specific type of detector in which a usual black 
and white photographic film of 400 ISO made of a layer 
of silver halide was surrounded by a layer of boric acid. 
The choice to use a 400 ISO film was made in order to 
have a compromise between the brightness and the reso- 
lution of the image. The detector was made with few 
frames of photographic film, 24 × 36 mm, wound in or- 
der to form a cylinder by joining the two edges. The 
second step was to insert this cylindrical film inside a 
dark cylinder of Polyethylene and then fill this cylinder 
of boric acid as shown in Figure 1. All of the different 
tasks to set up the detector were made inside a dark room 
in complete obscurity, that is without turning on the in- 
actinic light. 

3. Experimental Measurements 

We carried out measurements with three films of the 
same type described above for each test. (Table 1) In 
each measurement the three parts of the film were sub- 
jected to different conditions: the first part was kept in air 
and was not irradiated; the second part was kept in boric 
acid and it was not irradiated; the third part was im- 
mersed in boric acid and was put in front of the neutron 
flux. These experiments were carried out at the ENEA  
 

 

Figure 1. The black cylinder contains a cylindrical layer of 
H3BO3 (the white granulate) which is in direct contact with 
the film (lucid external part of the white cylinder in this 
figure). More H3BO3 will be poured into the cylindrical 
remaining space and once that all the black cylinder is full 
of H3BO3, the cylindrical sheet of paper (visible in this fig- 
ure), which only gives more rigidity to the film, is slipped 
away. 

Table 1. Main general characteristics of the available neu- 
tron sources. 

- 
Source 

Am-241-Be 
TRIGA RC1 TAPIRO 

Φ neutron 389 n cm−2·sec−1 - - 

Φ Therm horiz 
channel 

- 194 n cm−2·sec−1 - 

Φ Radial  
channel 2 

- - 278 n cm−2·sec−1

Rcd - 2.2 - 

fixed dose 
rate (μSv/h) 

100 100 100 

available  
channels 

- 12 7 

maximum power - 1 MW thermic 5 kW thermic

cooling system - Water convection Helium 

nuclear fuel - Enriched U 20% 
Enriched U 

93.5% 

Φ is the flux of the corresponding neutron source. 

 
Casaccia Research Centre, with three types of neutron 
sources: Am241-Be source; horizontal channel in the 
thermal column of the nuclear reactor TRIGA; radial 
channel 2 of the nuclear reactor TAPIRO. 

The irradiation time was 1 hour (3600 s) and the dose 
rate of neutrons was 100 μSv/h for all of the irradiated 
film. The dose rate had been previously ascertained by an 
He-3 dosimeter which was placed in the same position 
where the boric acid detectors will have been placed. In 
Figure 2 we report the characterization of the Am-241 - 
Be source as to the fluence of its neutrons and its neutron 
spectrums. The characterization was carried out by the 
neutron spectrometer MicroSpec-2 [5] Neutron Probe [6] 
(Bubble Technology Industry) which comprises two de- 
tectors (He-3 and liquid scintillator NE213) for two neu- 
tron energy intervals. In Figures 3 and 4 we report the 
fluence and the spectrum, which were measured by the 
same spectrometer, of the neutrons from the reactors 
TRIGA and TAPIRO. In all the three measurements, the 
films with H3BO3, after development, presented visible 
and clear traces which, conversely, were present neither 
on the control film screened by H3BO3, nor on the con- 
trol film in air that were not irradiated. By comparing this 
experience with a previous one in which we irradiated, in 
similar conditions, CR39 plates with neutrons in front of 
the radial channel 2 of the reactor TAPIRO, we find out a 
very peculiar similarity between the traces obtained on 
the CR39 screened by boric acid and those obtained on 
the silver halide of the film screened by boric acid. This 
detecting technique produces different images for differ- 
ent neutron sources, but for the same neutron source, the 
images are the same independently of the type of detector 
used (CR39 or film with silver halide). At the end of the  
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Figure 2. Fluence and neutron spectrum of the Am-241 - Be 
source: 100 μSv/h. Duration of the measurement: 1 hour. 
Counts per second: 400 cps. Measuring instrument: Neu- 
tron Spectrum MicroSpec-2 Neutron Probe (Bubble Tech- 
nology Industry). 
 

 

 

Figure 3. Fluence and neutron spectrum of the source 
TRIGA: thermal column horizontal channel. Dose Rate: 
100 μSv/h. Duration of the Measurement: 1 hour. Counts 
per second: 1000 cps. Measuring instrument: Neutron 
Spectrum MicroSpec-2 Neutron Probe (Bubble Technology 
Industry). 

 

Figure 4. Fluence and neutron spectrum of the source TA- 
PIRO: radial channel 2. Dose Rate: 100 μSv/h. Duration of 
the Measurement: 1 hour. Counts per second: 30 cps. 
Measuring instrument: Neutron Spectrum MicroSpec-2 
Neutron Probe (Bubble Technology Industry). 
 
irradiations, the boric acid that had played the role of 
converting material (it converted neutron into alpha par- 
ticles) for the irradiated detectors or of a simple screen 
for the non irradiated ones, was analysed by mass spec- 
trometry. This analysis was conducted in order to look 
for possible traces of the neutron-into-alpha converting 
reactions (see 1). In these reactions, the isotope of Boron 
with higher capture cross section for thermal and slightly 
epithermal neutrons is B-10. When it captures a neutron, 
it splits yielding an alpha particle and a nucleus of Lith- 
ium-7. Thus, by mass spectrometry we searched both for 
a possible change in the natural occurring ratio of Bo- 
ron-11 and Boron-10, expecting a slight decrease of the 
lighter isotope and a corresponding increase of Lith- 
ium-7. 

4. Results 

In Figures 5-7 we report respectively the film screened 
by boric acid and irradiated by the neutrons from the 
Am-241 - Be source, from the nuclear reactor TRIGA 
and from the nuclear reactor TAPIRO. Other films, either 
in air (not screened) or screened by boric acid but not 
irradiated, were our experimental zero and, after devel- 
opment they turned out to be uniformly dark and did not 
present any macroscopical tracks. In Figure 8, there is 
the visual comparison between two images: the tracks on 
the CR39 and those on the acetate film with silver halide. 
These images were obtained by the same source (reactor  
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 Boric Acid screened film 
Irradiated with 100 imcroSv of neutrons 

 

Figure 5. Neutron Detection from the Am-241 - Be source. 
Silver halide black and white film: sensitivity: 400 ISO; 
granular H3BO3. 
 
 Boric Acid screened film 

Irradiated with 100 microSv of neutrons 

 

Figure 6. Neutron Detection from the reactor TRIGA: 
thermal column horizontal channel. Silver halide black and 
white film: sensitivity: 400 ISO; granular H3BO3. 
 
 Boric Acid screened film 

Irradiated with 100 microSv of neutrons 

 

Figure 7. Neutron Detection from the reactor TAPIRO: 
radial channel 2. Silver halide black and white film: sensi- 
tivity: 400 ISO; granular H3BO3. 

 

Neutron image on polycarbonate plate CR39 screened by 
Boric Acid of the neutrons from the radial channel 1. 
Plate dimensions 10 × 10 mm. 
Dose 100 μSv (dose rate 100 μSv/h) 

 

 

Neutron image on silver halide film, screened by Boric acid,  
of the neutrons from the radial channel 2. 
Frame dimensions 24 × 36 mm. 
Dose 100 μSv (dose rate 100 μSv/h).  

Figure 8. Comparison between two neutron images ob- 
tained on two different imaging substrates screened by the 
same filter by neutrons of the reactor TAPIRO from radial 
channel 1 and radial channel 2. The two images have the 
same morphology. 
 
TAPIRO) and with the same thickness of boric acid sur- 
rounding the CR39 and the acetate film. For both of the 
substrates, we reckon that alpha particles are directly 
responsible for the images which were produced on the 
two different substrates (polycarbonate for the CR39 and 
silver halide for the film). Let’s spend some words about 
the differences and the possible analogies between the 
two images. On the CR39 the image is made up of many 
bright spots, each spot corresponding to the hit of an al- 
pha particle. As to the film, conversely, the image looks 
smooth and not made of spots. This difference between 
the two images is due to the completely different sub- 
strates and the way alpha particles interact with them. 
For the polycarbonate, the hit of an alpha particle pro-  
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duce a more localised damage in the molecular chains, 
while for the film, the hit involves a much wider area of 
silver halide and adjacent hits overlap. However, the 
overlap of tracks may happen also on the CR39, as is 
clearly visible for the elongated bright track, when many 
hits of alpha particles concentrate in a small area. More- 
over, also on the film it is possible to have separated 
spots, as long as the density of hits of alpha particles per 
unit surface is small, as it is intuitively visible on the 
border of images where the brightness fades away (how- 
ever, the possibility of distinguishing single spots de- 
pends strongly on the ISO of the film which determines 
its granularity once developed). The image on the film is 
made of two parts: a thin one which looks like an arc of a 
circle with a brighter section; a bulkier one, made of a 
thick bright mark and a thinner one close to each other. 
The image on the CR39, conversely has only one thick 
bright mark and some other single track scattered on the 
rest of the surface. The primary reason for the difference 
in shape and position of the thick tracks on the two sub- 
strates lies with their different superficial extensions (10 
× 10 mm for the CR39 and 24 × 36 mm for the photo- 
graphic frame) and the extension of the circular aperture 
of the neutron channel (radius of 20 mm). Both the CR39 
plate and the photographic frame were centred in front of 
the circular aperture of the neutron channel, but while the 
CR39 covered only the central part of the channel, the 
frame covered a wider surface that extended up to the 
border of the channel. Hence, the places where neutrons 
arrived (there is no uniform neutron flux in the channel) 
and converted into alpha particles produced an image, are 
different. However, as to the mechanism that generates 
the images on the photographic film, we would like to 
report a second sound hypothesis, other than the direct 
interaction between silver halide and alpha particles, 
which was put forward by and anonymous reviewer of 
the paper and communicated to us by the journal editor. 
The damages generated by alpha particles on the poly- 
carbonate of the CR39 are very subtle and only the etch- 
ing process makes them visible as circular tracks. Con- 
versely, as it was pointed out in the case of the film, there 
are no individual tracks visible. This suggests that the 
response of the film to individual alpha particles is suffi- 
ciently subtle that the result is completely invisible. 
However, one would expect granular boric acid to re- 
spond to alphas very much like a scintillator. In this case 
a single energetic alpha will make a very large number 
(perhaps 10s of thousands or more) of photons, sourced 
over a distance on the order of the range in the granules 
(many microns). Since the boric acid granules are dis- 
tributed over a moderate distance above the film surface, 
most of the alphas will be produced millimeters away 
from the film. In this case, the light signal associated 

with a single alpha should be a relatively large (mm) spot 
of low exposure. Many alphas striking close together will 
lead to quite a few photons in the same general area, 
producing a soft image very much like what appears in 
the data. Hence, one may also think that the new detector 
is basically a scintillator detector with pretty good spatial 
resolution on the film. One way to test this hypothesis 
would be to expose the film using an alpha source di- 
rectly, and see what the response is. 

With regards to the analyses by mass spectrometer, we 
found out a fairly significant variation of the ratio be- 
tween B-11 and B-10 in the detectors irradiated by neu- 
trons. In particular, we found out the two following ratios 
between Boron-11 and Boron-10 for the non-irradiated 
Boron and for the irradiated one, respectively2. 

11
4

10

B
3.9906 4 10 non-irradiated

B
     

11
4

10

B
3.9981 4 10 irradiated

B
     

11 11

10 10

B B
irradiated non-irraidated

B B

   
   

   
 

Despite this piece of evidence, nothing is possible to 
say about the presence of Lithium since, even with a sig- 
nificant variation of B-10, the corresponding variation of 
Lithium-7 was below the minimum value that could be 
discerned by the mass spectrometer3. 

5. Conclusion 

We developed a new and cheap technique which is capa- 
ble to detect neutron emission and we verified its ac- 
countability by testing it with different sources. These 
tests produced different images for different sources 
possessing the same dose rate (Figures 5-7). Besides, the 
same neutron source produces similar images on dif- 
ferent substrates (Figure 8), screened by the same thick- 
ness of boric acid, independently of the revealing sub- 
strate (polycarbonate and silver halide). A further proof 
of the accountability of this technique is available in 
Figure 6 where the picture shows the shape of the neu-
tron collimating horizontal slit at the end of the thermal 
column channel. 

2The technique used to find out the following ratios between B-11 and 
B-10 is the Thermal Ionization Mass Spectrometry (TIMS) carried out 
by the TIMS Laboratory at the Institute of Geosciences and Earth 
Resources of the National Research Council of Italy. This laboratory 
has a deep and proficient know how of the analytical techniques for the 
isotopical study of Boron dedicated to its isotopical geochemistry 
[7,8]. 
3The analyses to find out the concentration of Lithium were carried out 
by the standard procedure called Ultratrace-3 at Actlabs which are 
17025 ISO accredited laboratories [9]. 
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