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Abstract : Attenuation of fission neutrons has been studied in graphite blocks of

different dimensions. Fast, cpithermal and thermal neutron fluxes were measured at different
depths inside graphite blocks. The fast neutron group was measured using bare LR-115

llulose nitrate nuclear track d while fast, cpithermal and thermal neutron groups
were obtained using LR-115 type B detector. But, the fast and epithermal neutron groups
were detected using LR-115 type B detector which was shielded against thermal neutron flux
by two | mm thick Cd-foils. Moreover, the build up factors of the three neutron groups and
the fast neutron absorbed dose rate distribution nside the graphite medium were calculated
as well.
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1. Introduction

As is well known, the measurement of the neutron flux distribution in some media is very
Important in many fields such as radiation protection dosimetry, neutron therapy, shielding
swdies and nuclear reactors construction.

The study of flux and absorbed dose distributions of neutrons in graphite is of great
mportance, since graphite is often used as a reflector, moderator, or shield component of
the fast neutrons in fusion and fission reactors [1,2).

The application of solid state nuclear track detectors (SSNTDs) to neutron dosimetry
Is increasing mainly due to their high degree of reproducibility, long-term stability,
Insensitivity to beta and gamma rays, low cost and the ease to handle [3].
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One of the most appropriate SSNTDs for dosimetric applications is cellulose nitrate
LR-115 type II (Kodak-Pathé, France) nuclear track detector.

This detector can be used in two modes, either as a bare detector, or with an
external converter. In the case of a bare detector exposed to fast neutrons, the neutrons
can undergo elastic collision and (n, @) reactions with C, N and O nuclei constituting
the detector material. In the second mode, the detector is-covered with (n, @) converter
for the detection of thermal and epithermal neutrons, the most suitable (n, @) converter
is the lithium tetraborate (Li;B40;), for which the (n, @) cross section is very large (3840
barns for !B and 950 barns for SLi) [4]. The alpha particles and the recoil nuclei
resulting from these reactions leave etchable tracks in LR-115 detector. If the tracks are
completely etched through the sensitive cellulose nitrate layer, the tracks appear as
bright holes [5-7].

Some Measurements on flux and depth dose distributions of neutrons inside water
phantom using SSNTDs have been done. For example, using CR-39 polymeric t‘;uclear
track detector and D-T neutron source [8]. Sayed and Adnan [9] also used LR-115 t‘ype 11
cellulose nitrate nuclear track detector to measure fast neutron depth-dose distrili_ution
inside water phantom from Am-Be neutron source.

The aim of the present work is to measure the flux distribution of fast, epithermal
and thermal neutrons in blocks of graphite of different dimensions. The detector used in this
investigation was LR-115 nuclear track detector.

2, Experimental methods

The investigations were carried out using 252Cf neutron source of average energy
2.16 MeV. The detector used was cellulose nitrate sheet, LR-115 type II (C¢HgOgNy) with
density of 1.52 g cm=3 and 12-13 pm thick on 100 pm polyester base. The detectors used
-were obtained by cutting the cellulose nitrate sheets into pieces of size 1.5 X 1.5 cm. These
detectors were classified into three groups. The first, was the bare group detectors which
were used to detect only the fast neutrons. In this case the track holes of a-particles that are
produced through the N (n, @) ''B reaction whose Q-value is -0.16 MeV only can be
formed and observed in the LR-115 detector because the threshold neutron energies for
12C (n, @) *Be and !0 (n, @) '2C are greater than the.energy of the 252Cf neutron source.
The second group of detectors was coated with Li,B40; as (n, @) converter (LR-115
type B) to detect the fluxes of the fast, epithermal and thermal neutrons, while the third
group was LR-115 type B detectors too, but was shielded for thermal neutron flux by two
1 mm thick Cd-foils. By this way, all neutrons below a cut-off energy, E,,, of about 0.5 eV
are -absorbed while all neutrons above this energy pass the cadmium foil without
appreciable capture.

The medium under investigation was consisting of 100~200 graphite blocks, each
block of dimensions 5 x 5 1 cm. This medium was considered to be composed mainly of
carbon of density 1.6 g cm~2. The graphite blocks were arranged in different parallel
rectangular shapes of dimensions A x B x C cm. '
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The assembhes of the three detector groups were placed axially within the graphue
blocks. The first assembly of detectors was put in front of the neutrdn source at a distance
of about 0.5 cm Due to the low neutmns yneld (~10* n.sec”!) from the closed 2920 source
the cxpenmental arrangcment was left for different exposure times lasted from 10 to 20
days. This expenmenml arrangement was located 1 m above the floor in the center of an
rradiation room of dimensions 8 m X 5 'm X 4 m in order to avoid the contribution of
neutrons scattered from the floor and surroundmgs

After irradiation, the delecrors were removed and cleaned with running water and
then dried. The LR-115 detectors were etched chemically in 2.5 M NaOH solution at 60°C
for two hours to give an average residual thickness of cellulose nitrate red layer of about
5-6 um. After etching, the detectors were washed in distilled water and treated with B
solution (50 cm? distilled water + 50 cm® ethyl alcohol) then washed by distilled water
again and dried. The detectars were scanned and the track density was evaluated using an
optical microscope with magnification 500x.

The neutron flux ¢ was calculated through the relation :

p

¢= 57 n
where pis the net track density (track-holes/cm2), 1 is the exposure time in seconds and S is
the neutron sensitivity (tracks/neutron). This sensitivity was found to depend on the neutron
energy and the residual thickness of LR-115 detector. For 252Cf neutron source, the value of
S was calculated by us and found to be (2.2 £0.7) x 107 lrackslneulron accordmg to the
equation given by Medvecky [10]. Thrs value of § was found in good agreement with the
prcnmental results obtained by Sawamura and Yamazaki [11]. Whereas for thermal and
'Lpnhermal neutrons the values of the neutron sensmvny Swere (45 1)x 10% and (1 £

0.3) x 1077 tracks/neutron, respecuvely as reported by Palfalvi [12).

It was observed that, wrthm a bad geometry medium, the flux of neutrons of a
certain energy E and at a certain depth ris somewhat higher than that expected from the
exponenual absorpuon law, i.e. an excess of neutrons is built up at thrs depth. Thus, the
expected neutron flux at a depth rinside the medium can be given by Selim et al [13}:

B(E.r) = BEr). ¢y (Edexp(-r/A), @
where %(E) is the iniﬁai flux of neutrons at ehergy E Ais the relaxation iéngth aﬁd B(E, r)
is the build up factor. .
The fast neutron absorbed dese rate (Gys™) was calculated using the formula [14] :
D = 1.6x 10" $ENGF, 3
where ¢ is the measured neutron flux, E = 2. 16 MeV i is the averagc neutron energy of
*2Cf neutron source {151, N = 5 x 1025 nuclen/kg for 12C, 0= 1.7 barn is the total cross

section of '2C, and f = 0. I42 = 2AI(A + 1R, where A is the atomlc mass of the nucleus

that received the energy transferred) is the fracuon average energy transfer to scattered
nuclei [14),
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3. Resuits N oo : )

Figure 1 shows the variation of the measured fast neutron flux with depth in rectangu‘lar
graphite blocks of different'dimensions.
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Figure 1. The vanation of fast neutron flux
with the depth in graphite blocks of different
dimensions.

The thermal and epithermal neutron flux distributions determined by the LR-115
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Figure 2. The variation of .epuhermnl
neutron flux with the depth in graphite
blocks of different dimensions.

detectors at various depths in the considered medium are represented in Figures 2 and 3.
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Figure 3. The variation of thermal neutron
flux with the depth inside graphite blocks of
different dimensions.

Figure 4, Mcasured build-up factors of fast
neutron in different arrangements of graphite
blocks.
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Based on eq. (1) the build up factors for fast, epithermal and thermal neutrons were
determined from the ratio of the measured neutron flux to the theoretical neutron flyx i.e. in
the absence of the build up factor. In this work, we calculated the values of the relaxation
lengths and were found to be 7.76, 2.76 and 2.94 cm for fast, thermal and"epithermal
neutrons, respectively [16].

Figure 4, shows the variation of the build up factor as a function of the depth inside
the graphite blocks for fast neutron.
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Figures 5(a, b). The vanation of fast neutron dose rate as a function of the
depth inside the graphite blocks.

Figures 5(a,b) represent the variation of fast neutron dose rate, as calculated from
¢q. (3) with depth in the medium under study.

4. Discussion

LR-115 cellulose nitrate nuclear track detector was used to measure fast, epithermal
and thermal neutron flux distributions from 252Cf source in graphite blocks. The influence

of the medium size on the distribution of the three neutron energy groups were carried
out as well.

It is clear from Figure 1 that the fast neutron flux in the different arrangements of the
graphite blocks decreases with increasing the depth inside the attenuation medium. On the
other hand, the flux distribution of thermal and epithermal neutrons in the graphite matrices
show maximum values around 3 cm inside the graphite blocks as shown in Figures 2 and 3.
This means that the neutrons are accumulated in this domain. So the measurements enabled
us to study an important factor known as the build up factor. In Figure 4 it was noticed that
the build up factor increases with depths in the medium under study, then it may exhibit a
saturation that depends on the dimensions of the medium, its constituents, the leakage of the
neutrons and their energy.

The results obtained in this article also enabled us to calculate the distribution of the
fast neutron dose rate in different blocks of graphite as represented in Figures 5(a,b). These
results are in good agreement with previous published data [12,17-19].
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