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A Review on Research Activities Using the SANS Spectrometer in
Transmission Geometry at ET-RR-1 Reactor

M. Adib
Reactor & Neutron Physics Dept., NRC ,AEA , Cairo , Egypt

The phased double rotor facility operating at ET-RR-1 reactor (2MW) was rearranged to
operate as SANS spectrometer in transmission geometry. The rotors are suspended in magnetic
fields and are spinning up to 16,000 rpm producing bursts of polyenergetic neutrons with
wavelengths from 0.2 nm to 6.5 nm and beam divergence of 17' on the sample.

The review on research activities using the SANS spectrometer and its applications for
powder particle size determination and the long wavelength fluctuation of magnetization of the
Fe-Ni alloys are discussed.

Principle of the SANS Cross-Section Method

It was shown by Bacon [1], that the process of SANS is a combination of diffraction and
refraction. The predominant process depends on the differential phase change $ . When <j)» 1
, refraction is predominant, and when <{> « 1, only diffraction is important. As shown by Adib et
al. [2] that the beam broadening after traversing a sample of thickness Z, in terms of SANS
cross-section (JSANS can be expressed as:

bX

2nNZ R,

refraction case

diffraction case
(1)

where X , the incident neutron wavelength, Rp the average particle radius and b average value of
the bound coherent scattering amplitude.

Therefore, from the analysis of the neutron transmission measurements , one can
determine the structural inhomogeneneties of the sample under investigation.

The phased double-rotor facility operating at ET-RR-1 reactor [3] was rearranged to
operate as SANS spectrometer in transmission geometry . A horizontal view of the general
arrangement of the spectrometer is given in Fig. 1

Fig. 1. The General Arrangement of the TOF-SANS Spectrometer

The neutron transmission measurements through different iron powders were carried
out using the present SANS spectrometer [2]. Fig. 2. displays the.dependence of OSANS for iron
powder (Fe-1) samples of 3.0 and 4.85 mm thickness versus X2 ( closed squares and + sign ,
respectively ) , while the values of CSANS for (Fe-2) powder are displayed in Fig. 2 as x sign.
As reported by M. Adib [2], the accuracy in particle size determination was within 8%.
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Flg.(3): SANS Crou-SeeUon of Fe 56.2 at% NI Alloy Fig. (2): SANS Cross-Section of Fe-powders

However the refraction case was the predominant process to SANS cross-section of iron
powders (Rp ~ 25 u,m). Therefore, Adib et al. [3] reported the result of measuring the long
wavelength fluctuation of magnetization of Fe-Ni alloys .where the diffraction is the
predominant. They reported that the measured cross-section behavior a t of Fe-56.3 at.% Ni
showed a remarkable increase with the increase of neutron wavelength. Such increase was
interpreted as due to SANS broadening , while that of Fe-26 at.% Ni , the broadening didn't
exist. Therefore, the broadening effect in terms of (JSANS was deduced by incoherently
subtracting the values of a t of Fe-26 at.% Ni from that of Fe-56.2 at.% Ni The resulting CTdiW was
displayed in Fig. 3, where Rp was found to be (390±40) A. Such result is in agreement with that
given by Komura et al. [4], who reported that for highly concentrated alloys as Feo.65 Nio.35 long
wavelength fluctuations of the magnetization in cells of about 100 atoms were observed.

Recently A. Ashry [5] reported a design of a SANS spectrometer having a high signal-to-
noise ratio. The design principle is based on producing monochromatic neutron bursts using two
phased rotors with curved slots. An optimization study of their number and shape to achieve the
highly available intensity of monoenergetic neutrons at the required resolution is given. It was
shown that for rotors having 19 slots each with radius of curvature 96.8 cm , the intensity
on the specimen is 2xlO6 n s"1 for <J)0 of the reactor -lxlO13 n cm"2 s"1. Such SANS
spectrometer can be successfully applied at both high and low neutron flux reactors. The
advantages of using massive rotors is to overcome problems of high background level
accompanying the reactor thermal neutron beam without using long neutron guide tube.
Moreover the area of the sample under investigation is relatively small (= 1 cm2).
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