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Abstract: The Small Angle Neutron Scattering (SANS) Instrument has been developed at
Malaysian Institute for Nuclear Technology Research (MINT) for studying structural
properties of materials on the length scale lnm to 100 nm. This is the length scale which
is relevant for many topics within soft condensed matter, like polymers, colloids,
biological macromolecules, etc. The SANS is a complementary technique to X-ray and
electron scattering. However, while these later techniques give information on structures
near surface, SANS concerns the structure of the bulk. Samples studied by SANS
technique are typically bulk materials of the sizes mm's to em's, or materials dissolved in
a liquid. This paper described the general characteristics of SANS instrument as well as
the experimental formulation in neutron scattering. The preliminary results obtained by
this instrument are shown.

Introduction:

The TRIGA MARK II research reactor at the Malaysian Institute for Nuclear
Technology Research (MINT) was commissioned in July 1982. Since then, various
activities have been done to utilise neutrons produced from this steady state reactor. The
vast applications of this reactor are to produce isotopes for medical and industrial use.
Another applications of this reactor are delayed neutron analysis(DNA) and neutron
activation analysis(NAA) which also utilise an irradiation facility inside the reactor core.
In order to increase the utilisation of the reactor, especially in the uses of its neutron beam
ports, a neutron radiography(NR) facility have been constructed and commissioned in
January 1985. The NR facility utilised a beam port #3 which is a radial beam port with a
void in the graphite reflector as inlet. The available neutron fluxes at the entrance are
approximately 1-2 x 1012 neutrons cm"2 s"1. Although the neutron flux is low but with
some limitation, this low flux neutrons can also be used in the neutron scattering
experiment. With this reason and the availability of the beam port, therefore neutron
scattering instrument was proposed to be constructed as a first neutron-beam
experimental facility. Among the different neutron scattering techniques, a small angle
neutron scattering(SANS) is perhaps, the one that can closer the gap between applied and
basic research.

The SANS instrument is the realisation of an IRPA project, initiated in January
1986 to provide a national facility for carrying out neutron scattering experiment in
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Malaysia. Detailed engineering design1 commenced in 1989 and the construction and
installation are completed by the end of 1994. The instrumental detailed will be discussed
in the following topic. The SANS technique has been developed for studying structural
properties of materials on the length scale 1 nm to 500 nm. In principal, SANS measures
the scattering from inhomogenities in material. The measured scattering function provides
information on the average structure such as surface area, volume and shape of the
inhomogenities, on their size distribution function and on the inter particle distances.

The ability of neutrons interact with nuclei and the different scattering length of
isotopes of the same atom make the SANS technique a unique method for structural
studies. This 'contras variation' in the SANS technique is widely used in the polymer2 and
biological3 studies, in which hydrogen can be substituted by deuterium or H2O is
substituted by D2O. The range of topics currently studied by SANS technique extends
from matter within basic physics to applied metallurgy4, polymer5 and colloidal science6

and biology7. The SANS technique is not stand alone. Others techniques such as high-
resolution electron microscopy(EM), scanning tunnelling microscopy(STM) and atomic
force microscopy(ATM) are among complementary techniques to SANS which also give
information on the same length scale. Since neutrons can penetrate more deeply in the
bulk materials compare to X-rays or electrons, the thickness of the sample studied by
SANS can be varied from mm's to em's or in a liquid form.

Main hardware features

An isometric view of the SANS instrument is shown in figure 1. The instrument
consists in principle of a neutron source, a monochromator system, a collimator, sample
holders and detector system. Moreover, the data acquisition system is normally an
integrated part of the instrument. This instrument is connected to 1 MW research reactor
via a radial piercing beam port. Details of the instrument parts and their functions are as
follows:
Coarse collimator : This is an aluminium tube 110 mm diameter and 1.5 m long. Annular
lead blocks are fitted to the ends of the tube and the space between lead is filled with
paraffin-boric mixture. This collimator is placed inside the beam port #4 of the reactor
and serves to collimate the incoming neutron beam to within a divergence angle just
sufficient to illuminate the monochromator and at the same time suit the mosaic width of
the monochromator crystal. This will ensure that shielding requirement is minimised due
to the removal of unused neutrons.
Biological shielding : The biological shielding houses the monochromator and beryllium
filter assemblies. It is a concentric layers of lead and concrete with dimension 2.6 m(L) x
3.0 m(W) x 2.3 m(H). Unwanted neutrons and Gamma radiations are stopped by a beam
trap made up of borated paraffin and lead.
Be filter : The filter consists of 16 bars of pure polycrystalline beryllium block, each 3 x 3
x 15 cm2, each assembled in a pigeon-hole mesh of 1.0 mm Cadmium. The design
ensures a small cross-sectional area relative to the length of each element which make it
an effective neutron filter by the absorption of highly-scattered neutrons. The matrix
structure ensures a large surface area sufficient to cover the entire beam size. The filter is
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cooled by thermally linked to a LN2 reservoir and inserted in a cryostat chamber. The
cooled(77K) Be filter removes all neutrons below 0.4 nm.
Monochromator : The neutron beam from the reactor passes through the Be filter consists
of multiple neutron wavelengths. Wavelength selection with a mechanical velocity
selector8 which often being used at many places, is not feasible in MINT, due to the high
contamination of the beam with fast neutron. Therefore, 9 crystal pairs of highly-oriented
pyrolitic graphite are used as monochromator. This monochromator reflects neutrons with
an average wavelength of 0.5 nm. The monochromator can be positioned along the beam
axes by stepper motor and controlled remotely from outside the biological shield.
Neutron monitor : The neutron monitor is placed at the entrance of the main collimator,
after the monochromator assembly. The monitor which is consists of a uranium fission
chamber and NIM modules is used to measure the incoming neutron flux before entering
the main collimator.
Main collimator : An evacuated shielded steel tube, 4 m long and 100 mm diameter. It is
made in 2 x 1.0 m and 2.0 m sections to enable length adjustment. A sample can be
placed at the exit of the collimator and the entrance and exit aperture diameters can be
varied between 1 mm to 10 mm.
Sample area : At the moment, a sample is placed in air at the exit of the main collimator.
In the future, a sample chamber will be fitted to accommodate standard samples and
specialised ancillary equipment. Automatic slit positioning and sample stage positioning
are also planned to be fitted in this area.
Secondary flight-tube : An evacuated shielded steel tube, 1.0 m in diameter. It is made in
2 x 0.5, 1.0 and 2 m sections to enable length adjustment. A neutron position sensitive
detector(PSD) is placed at the end section of the flight-tube to measure the scattered
neutrons from the samples.
Neutron detector : The PSD with an active area of 128 by 128 cm2 and resolution element
dimension of 0.5 by 0.5 cm2 is used for neutron detection. A beam stopper is placed in
front of the detector to prevent a direct beam and the detector efficiency is 83%.
Data acquisition : An IBM PC computer is used for acquisition and display of all data
obtained on-line. The scattered neutron data are displayed both in 2D, 10-colour contour
and 3D isometric views. The software have been developed to permit the user to interact
with the dedicated PC in a simple and direct fashion.

The instrument is rather flexible, as the effective length can be varied between 2 and 8
m. The specification of the instrument is shown in table 1.

Performance

The instrument performance is calculated1 in terms of the minimum observable
momentum transfer, Qmin, operable Q-range, maximum resolvable dimension, D and
neutron intensity, I at the sample position. The maximum momentum transfer range
covered by the instrument is limited by half detector size, i.e. 32 cm at neutron
wavelength 0.5 nm and the minimum sample-detector distance of 1 m can be achieved to
obtained larger Q-range. With a minimum Q given by half the size of the beam stop, i.e.
10 cm for the given wavelength and maximum sample-detector distance is 4 m, that give
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a total momentum transfer range of 0.08 nnr1 < Q > 3.6 nnr1. Table 2 summarised the
expected performance of the instrument.

Experimental Formulation in SANS

The theory and experimental practise of small angle scattering have been
presented in excellent review papers910 else where. In the following, only a short
introduction is given which emphasis on a simple experimental formulation. The
interaction between neutron and matter is dominated by the interaction with the nuclei.
The intensity of the scattered neutron is given by

= K.P(Q).S(Q)

where Q is a momentum transfer, with length

Q = (47c/X)sin(9/2)

A, is a neutron wavelength and 6 is an angle between incident and the scattered beam. K is
a prefactor which contains information on the particle volume, concentration and
scattering length density. P(Q) is a form factor which gives information on size and shape
of the particle and S(Q) is called a structure factor which describes the inter-particle
correlations such as the average distance between the particles. The scattering function
I(Q), gives information of inhomogenities (difference in mass density) in the sample
studies. In general, the interpretation of I(Q) needs a fitting procedures of the structural
models to the scattering data. However, approximation can be made through Guinier's
law9 in low Q and Porod's law9 at high Q-range. At small values of QD, where D is the
linear dimension of the particle, for dilute solution (i.e. S(Q) —> 1), P(Q) is given by

P(Q) = exp(-Rg2Q2/3)

and

P(Q) =

for Guineir and Porod plots respectively, where Rg is the radius of gyration, S is the total
surface area and n determines the shape of the particles. The Guineir plot of In I(Q) vs.
Q2, has a slope giving the particle size and an intercept giving the product of the volume
fraction, the particle volume and the square of scattering length density difference. The
Porod plot of In I(Q) vs. In Q, is linear and the slope giving the total internal surface area.
In the case of less dilute system (high scatterer), where S(Q) not equal 1, the Fourier
transformation of the I(Q) will predict the distance between the particles. More ever, the
first peak in I(Q) vs. Q occurs giving the average distance between the particles by D = 2rc

/Qo-
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First results and discussion

Various measurements have been made in order to test the data acquisition
programme as well as the instrument performance. Figure 2(a) shows the on-line
scattered neutron data obtained from water sample. The data are simultaneously displayed
in 10-colour contour and isometric views. Scattering without sample in placed is also
shown in figure 2(b) for comparison. It is noted that, water shows incoherent scattering
which is independent of Q and its normally used to measure a background counts. The
direct measurement from the collimated beam (figure 2(b)) were made for beam-stop
adjustment. Note that, the high neutron intensity at the centre (beam-stop position) of the
detector may be due to the contamination of the fast neutrons which transmitted through
the collimator hole.

The iso-intensity contour maps of water and fine SiC>2 powder are shown in figure
3(a) and (b) respectively. The isotropic scattering of SiC>2 particle formed the rings which
showed spherical symmetry about the incident beam. The S1O2 data were obtained from a
138-minute run in the standard instrument set-up and 316 812 neutrons were detected at
the fixed neutron wavelength of 0.5 nm. The data were radial averaged to obtain ID plot
of I(Q) against Q, as shown in figure 4. Note that, the peak of the curve is obtained at Q =
0.245 nm"1, which gives the average distance between the particles, D = 26.0 nm. Further
work on analysis and interpretation of the SANS data is in progress and will be presented
during this conference.

Conclusion

The design, construction and installation of the SANS instrument at MINT are
completed. Measurements of machine performance have shown that the instrument can
resolve between 5 nm to 80 nm. Although limited in range and intensity, the instrument is
expected to be usable in the study of alloys, ceramics and polymers. Planned future
improvements through optimisations of its components and data analysis softwares will
make it useful to an even broader spectrum of scientists.
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Table 1 : The SANS Instruments Specifications.

Beam tube :

Flux at the entrance :

Nonochromator :

Incident wavelength :

Warelength resolutions :

Source-to-detector distance:

Sample-to-detector distance:

Beam size at specimen :

Q range :

Detector :

Flux at specimen :

Radial piercing beam port (1MW TRIGA Reactor)

2xlO12 n c m V

9 pairs of pyrolitic graphite crystals
(coupled with Cold Beryllium filter)

0.5 nm.

AX/X =20%

1 - 4 meters.

1 - 4 meters.

0.12 - 1.0 cm.

0.08 s Q s 3.6 A"1

128 by 128 cm2.

10 - 103 n cm'V1 depending on the slit size and the reactor
power.

Table 2 : The expected performance of the small-angle neutron scattering instrument in terms of
the minimum Q, maximum Q, minimum resolvable dimension and intensity at the
sample position for collimator and secondary fight-tube lengths of 1,2 and 4 m, with inlet
collimating aperture diameters of 50, 25 and 12 mm.

Lm

1

2

4

Riiran

50
25
12

50
25
12

50
25
12

Qmin nm'1

1.26
0.63
0.38

0.63
0.31
0.15

0.31
0.16
0.08

Qnuxiim'1

3.6

1.9

0.9

d ^ nm

5
10
21

10
20
42

20
40
83

I ns1

3.3 x 103

2.1x10"
1.1 xlO3

8.3 x 104

5.2 x 103

2.8 x 102

2.1 x 10"
1.3 xlO3

6.9 x 101
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Figure 1: An isometric view of the SANS instrument at MINT.
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Figure 2(a & b) : (Photographs) Output screen of the data acquisition system for the
SANS instrument displays accumulated data in 10-colour contour and
isometric views.
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Figure 3(a & b) : (Photographs) The iso-intensity contour maps of H2O and fine SiO2

powder.
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Figure 4 : SANS spectrums obtained after the radial averaging and normalised intensity
for; O SiO2, O Carbon glassy and X H2O.


