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AN APPLIED STUDY OF THE EFFECT OF SCATTERING OF THERMAL
NEUTRON THROUGH A SAMPLE CONATION’S ARSENIC ELEMENT

Annotation: The United States' Agency for Toxic Substances and Disease Registry
ranked arsenic as number 1 in its 2001 Priority List of Hazardous Substances at Super
fund site. In this paper, we conducted an applied study of an equation we had previously
concluded [5], to investigate the possibility of neglecting the effect of neutron non-
scattering, on the flux of neutron beams transient through a sample conation’s Arsenic
element, showing that, the probability of non- scattering of neutron beam flux can’t be
neglected for thermal energies. This study was used to determine more accurately to be
used in determining the concentration of arsenic to reduce its toxicity.
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«Hay4Ho-npakTu4eckum aneKTpPoHHbIN XypHan Annea Hayku» Ne6(45) 2020
Alley-science.ru



HPUKJTAJHOE UCCIIEJOBAHUE YOPPEKTA PACCEAHUA TEIIJIOBOT'O
HEVTPOHA YEPE3 OBPA3EIl KOHAIIMOHHOI'O MBIIIBSIKOBOI'O
JIEMEHTA

Annomanyusn: Acenmcmeo Coedunennvix [llmamos no pecucmpayuu mokCud4Hvlx
sewjecms u OojesHell NOCMABUNO MbIUbBIAK HA Nepeoe Mecmo 8 C80eM NPUOPUMEMHOM
CHuUCKe onacHulx ewyecms Ha catime cynepgonoa 3a 2001 200. B nacmosweti pabome Mol
nposeiu NpukiaoHoe UCCie008aHue YPAaeHeHUus, KOmopoe Mmvl panee 3axuoqunu [5],
yUmoodsl  UCCIE008AMb  BO3ZMONCHOCMb  NPEHEOPedCeHUss GIUAHUEM HepaACUUDeHUs.
HeUmpoHO8 Ha NOMOK HeumpoHuwix Ilyukos, npoxodsuux yepesz MuluibsaKkosblil d1emenm
00paszya KoHayuu, NoKa3vleéds, Ymo 8eposMHOCIb HEPACUUPEHUS. NOMOKA HEUMPOHHBLX
Ilyukos He modicem Ovimb npenedpedcena OJisi Meno8blX IHepeull. Imo ucciedosanue
ObLIO UCNONBL30BAHO OJI51 DOJIee MOUHO20 ONpedeleHUsl, Komopoe 6y0em UCHOb308AMbC S
npu onpeoenienul KOHYeHmMpayuu MoliUbsIKa 0151 CHUINCEHUsL €20 MOKCUYHOCTIU.

Knrwueswie cnosa:. mennoswvie H€Z:Zmp0Hbl, pacceusaroujue HelzmpOHbl, MbIULbAK.

1. Introduction:

Arsenic is a chemical element with symbol As and atomic number 33. Arsenic
occurs in many minerals, usually in combination with sulfur and metals, but also as a pure
elemental crystal. Arsenic is a metalloid. It has various allotropes, but only the gray form
Is important to industry. The primary use of metallic arsenic is in alloys of lead (for
example, in car batteries and ammunition). Arsenic is a common n-type dopant in
semiconductor electronic devices, and the optoelectronic compound gallium arsenide is
the second most commonly used semiconductor after doped silicon. Arsenic and its
compounds, especially the trioxide, are used in the production of pesticides, treated wood
products, herbicides, and insecticides. These applications are declining, however [1]. A
few species of bacteria are able to use arsenic compounds as respiratory metabolites. Trace

quantities of arsenic are an essential dietary element in rats, hamsters, goats, chickens, and
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presumably many other species, including humans. However, arsenic poisoning occurs in
multicellular life if quantities are larger than needed. Arsenic contamination of
groundwater is a problem that affects millions of people across the world. The United
States' Environmental Protection Agency states that all forms of arsenic are a serious risk
to human health [2]. The United States' Agency for Toxic Substances and Disease
Registry ranked arsenic as number 1 in its 2001 Priority List of Hazardous Substances at
Superfund sites [3]. Arsenic is classified as a Group-A carcinogen [2].

The United States' Agency for Toxic Substances and Disease Registry ranked
arsenic as number 1 in its 2001 Priority List of Hazardous Substances at Superfund sites
[3].

The effect of the probability of non- scattering of neutron on flux of the neutron
beam can’t be negligible for thermal energies. It is useful to determining more accurately
the elements in any sample [5].

Because of the importance of the Arsenic element, we will apply the derived
equation in [5] to a sample contains arsenic elements to determine the effect of probability
neutron scattering on the flux of the transient neutron beam.

2. Method

The basic equation of the flux of a transient neutron beam directly through a
sample, in which only the capture reaction is taken into account, is given [4]:

d(x) = d(0)e"9e* (D

Where e %% s the probability that there will be non-capture reaction when the
neutron passed a distance x in the sample and exits directly (x is thickness of sample), and
symbolizes it P.,(x), n is the concentration of nuclei in the sample, and o, is the
microscopic capture cross section.

Py (x) = e7%e* (2)

In a previous study [4], we concluded that, the probability of non-decay of neutron

when it was directly passed a distance x is:
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Pu@) = 70" 3)
Where A is the constant decay of free neutron, and v is the primary velocity of
neutron.

Too [5], we concluded that, the probability of non- scattering of neutron when it

was directly passed a distance x is:
P, (x) = e M9s X (4)
Where O IS the microscopic scattering Cross section.
By taking the decay and scattering effect into account, the flux of the directly neutron

beam through a sample of thickness x becomes:

A

d(x) = P(0)e

3. Results and Discussion

(5)

Let’s applied equations (2) , (3) and (4) for cylindrical sample of thickness x and
radius r, made of natural mixture containing Arsenic, irradiated with a neutron beam
from a source energy for thermal energy.

By calculate the effect of the propriety non-decay, the propriety non-capture, the
propriety non-scattering of neutron on one of the sample isotopes, for example ;3A4s7°,
for different thicknesses of the sample and in the thermal energy, is:

Table 1: Probability P.,(x), P,,(x) , and Pg,(x), for different thicknesses of a

sample at the thermal energy.

x(m) P.(x) Pg(x) Py(x)
0 1 1 1
0.01 0.823513 0.685964 0.21246
0.02 0.678173 0.470547 0.045139
0.03 0.558484 0.322778 0.00959
0.04 0.459919 0.221414 0.002038
0.05 0.378749 0.151882 0.000433
0.06 0.311905 0.104186 9.2E-05
0.07 0.256858 0.071468 1.95E-05
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0.08 0.211526 0.049024 4.15E-06
0.09 0.174194 0.033629 8.82E-07
0.1 0.143451 0.023068 1.87E-07
0.11 0.118134 0.015824 3.98E-08
0.12 0.097285 0.010855 8.46E-09
0.13 0.080115 0.007446 1.8E-09
0.14 0.065976 0.005108 3.82E-10
0.15 0.054332 0.003504 8.11E-11
0.16 0.044743 0.002403 1.72E-11
0.17 0.036846 0.001649 3.66E-12
0.18 0.030344 0.001131 7.78E-13
0.19 0.024988 0.000776 1.65E-13
0.195 0.022676 0.000643 7.62E-14
0.2 0.020578 0.000532 3.51E-14

Figure (1) shows the proprieties of the three processes (non-capture, non-scattering,
non-decay), and we notice that it decrease with increasing sample thickness; that is, the

probability of transit decreases with thickness.
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Figure (1): Probability P,..(x), Ps(x) and P;(x) as a functions of sample thickness.
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Figure (2): Probability P.,(x), P,,(x) and Py, (x) for the sample thickness x = 0.01 m.

Figure (2) shows the proprieties of the three processes (non-capture, non-scattering,
non-decay) for a dental sample of thickness x = 0.01 m as an illustrative example of the
effect of decay and scattering in neutron activation analysis, and its inadmissibility as
usual. Where we notice from Figure (2) that 2., (x) > P,,(x) > P4 (x), indicating that the
probability of non-capture is greater than the probability of non- scattering and non-
decay, on the other hand, non- scattering and non- decay cannot be neglected for a sample
of its thickness taken from Table (1).

4. Conclusions:

The effect of the probability of non-scattering and non-decay of neutron on the flux
of the neutron beam can’t be negligible for thermal energy. By taking this effect into
account, determination the concentration of the Arsenic element can be more precisely
determined to Ensure that its toxicity is reduced, especially When it using in the field of

dentistry and pharmaceutical industries.
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