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ABSTRACT

Neutron scattering in Indonesia is still alienated due to some reasons and conditions
which are discussed. The reactor and its latest operation mode are also described. The
neutron beam facilities which include one diffractometer for residual stress measurement,
one diffractometer for single crystal structural determination and texture measurement, one
high resolution powder diffractometer, one neutron radiography facility, one triple axis
spectrometer, one small angle neutron scattering spectrometer and one high resolution
small angle neutron scattering spectrometer were presented briefly together with
improvements of neutron intensities at some spectrometers in connection with the setting of
main beam shutter position. Special attention is given for four instruments mostly related to
this workshop. Their performances and problems faced in the past 9 months are presented
as well as the future plan for refurbishment and development.

INTRODUCTION

Neutron scattering in Indonesia has its history back in the early sixties. Some limited
activities were performed using a simple double axis powder diffractometer in Bandung
where some students obtained their degrees by utilizing it. In August 1992, the Neutron
Scattering Laboratory (NSL)-Serpong was inaugurated by the President of the Republic of
Indonesia. It consists of 3 diffractometers, 3 spectrometers and one neutron radiography
facility. This Laboratory utilized neutrons produced by a very high neutron flux research
reactor with maximum power of 30 MW thermal. Even though the facilities were available,
Neutron Scattering itself was a new technique and difficult to perform since it needs high
flux neutrons.

In the first five years, most of the activities at the NSL-Serpong were concentrated and
focused in improving the man power abilities and their familiarities with the instruments
and some calibrations. Some preliminary research were also conducted jointly with experts
and counter-parts from Asia-Pacific Region, especially from Japan.

The next step was socializing the neutron scattering techniques and the facilities
themselves among scientific communities in the country. This can be achieved by giving
some opportunities to the people in the universities and other research centers in utilizing
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the instruments. Last year, May 1998, we held a seminar gathering all people, from
different institutions, R&D centers and universities, who has interest and related work with
neutrons. About 20 papers were presented with 80 participants attending the seminar. At
the end of the day, we discussed and decided to build some user groups for the neutron
instruments. This year, August 1999, we had the same seminar with 25 papers presented
and 170 people participating it. The discussion at the end was focused on revitalization and
rejuvenation of the neutron instruments, including some replacement of the control and
computer systems. This seminar has brought a new expectation in the community,
especially under this very difficult economic situation.

Considering the availability and the reliability of the instruments, participation and
involvement of experts from countries with established neutron scattering expertise are
necessary to maximize the utilization of those neutron instruments. In this short paper, we
present and describe briefly the current status of three neutron facilities closely related to
this workshop and expect some positive responses in utilizing them.

THE RESEARCH REACTOR

The research reactor is a light water open pool reactor with a maximum thermal power
of 30 MW. It produces an average thermal neutron flux of 2.5 x 1014 n cm^sec"1 at the
central irradiation position in its core. An L-shaped beryllium block reflector surrounds one
half of the core. Six beam tubes - two tangentials and four radials - are available for
neutron experiments. One of the beam tubes has a larger diameter ( 0 = 27 cm) than the
others ( 0 = 24 cm), to accommodate two thermal neutron guides supplying neutron beam
for the spectrometers in the external neutron guide hall (NGH). In addition, the reactor
provides facilities for nuclear engineering experiments, neutron activation analysis and
radioisotopes production. The arrangement of the beam tubes and other facilities in the
reactor core is shown in figure 1.

The RSG-GAS has achieved its criticality in 1987 and reached its full power level of 30
MW thermal in 1992. However continuous regular operation was started not earlier than
1995. In 1996, the reactor has been operated quite regularly for three cycles per month and
nine days per cycle. In order to improve the radioisotope production, in 1997 the reactor
operation has been made weekly with 5 operation days with reactor power of 25 MW
thermal. This was not so convenience for the neutron scattering activities. After some
consultations and discussions early last year, the reactor operation mode has been
compromised and changed to 12 days operation and followed by 9 days off. This schedule
has been settled and started in July 1998. In return the reactor will only be in operation at
15 MW thermal to maintain the length of the operation with the available fuel elements.
Earlier this year, the shut down period was extended to 16 days due to the budget
difficulties. Starting this month, November 1999, the operation mode is again adjusted to
become 12 days operation followed by 23 days off. So far the neutron beams have been
used for most of the scheduled operation days. This continuous and regular weekly
scheduled operation days give advantages in planning the experiments in advance and
improve the reliability of the neutron instruments.
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NEUTRON SCATTERING FACILITIES

In 1992, various neutron scattering instruments were installed at the Neutron Scattering
Laboratory, NSL-Serpong. Those instruments are :
1) Powder Diffractometer (PD), DN-1
2) High-Resolution Powder Diffractometer (HRPD), DN-2
3) Four-Circle Diffractometer for single crystal structural studies and texture analysis

(FCD/TD), DN-3
4) Neutron Radiography Facility (NRF) with real time experiment capability, RN-1
5) Triple Axis Spectrometer (TAS), SN-1
6) Small Angle Neutron Scattering (SANS) spectrometer, SN-2
7) High-Resolution Small Angle Neutron Scattering (HRSANS) spectrometer, SN-3

In the first five years there were some modifications, improvements and development to
each instrument. The powder diffractometer was modified to accommodate residual stress
measurements (DN1-M) and has been used for some measurements. Figure 2 shows the
layout of the instrument and the thermal neutron guides. The powder diffractometer, the
triple axis spectrometer and the neutron radiography facility are installed at the beam ports
S6 (tangential), S4 (radial), and S2 (tangential), respectively in the experimental hall of the
reactor (XHR).

Two neutron guides are installed starting from S5 radial beam port, penetrating the
reactor confinement building wall and going through a 35 m tunnel into the external
neutron guide hall (NGH). The first neutron guide (NG1) is dedicated to the small angle
neutron scattering spectrometer, which is installed at the end of the guide. The second
neutron guide (NG2) has three beam ports labeled as NG2-1, NG2-2 and NG2-3 at which
the four-circle diffractometer, the high-resolution small angle neutron scattering
spectrometer and the high-resolution powder diffractometer are installed respectively.

1. High Resolution Powder Diflractometer (DN-3)

The HRPD, which is the most heavily used instrument for the time being, is installed at
the neutron guide (NG2) in the Neutron Guide Hall (NGH) about 71 m away from the
reactor core. The monochromator drum has three beam exits corresponding to three
different take off angles, 20M = 41.5°, 89° and 130°. At present the instrument is set for
20M =89°. In the last 3 reactor cycles the HRPD has been utilized quite extensively and
giving strong support to our research activities. In order to improve its performance, the
soller collimators before and the electronics after the detectors should be evaluated and
improved or even replaced. Figure 3 shows a diffraction pattern of TiO2 standard sample
taken by HRPD a few days ago before the reactor shut down for yearly maintenance.

2. Small Angle Neutron Scattering Spectrometer (SN-2)

This instrument is installed at the end of the 48 m long neutron guide (NG-1), situated
in the neutron guide hall (NGH), to benefit from low background environment. The
incident beam is monochromatised by a slot-type mechanical velocity selector having a
minimum rotational speed of 700 rpm and a maximum rotational speed of 7000 rpm. The
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collimator is placed in an 18 m long tube, comprises of four sections of movable guide tube,
and one section of a fixed collimator (non-reflecting) tube. The detector, which can be
moved continuously from 1.5 m to 18 m in another 18 m tube, is a 128 x 128 He-3 two
dimensional position sensitive detector (2D-PSD) made by RIS0, with three beam stoppers
of 40, 80 and 140 mm in diameter. The whole system, excluding the sample position is
evacuated to 10"3 torr. Variation of collimation length and sample to detector distance are
fully computer controlled. An automatic sample changer with six sample holders is
provided.

In the last three years, many efforts have been carried out to bring this spectrometer in
action. Some of its components have been replaced but there are still many others need
careful attention and repaired such as the velocity selector, control motor for the guide tube
and beam stopper to mention a few.

3. High Resolution Small Angle Neutron Scattering Spectrometer (SN-3)

This neutron spectrometer, which is similar to the Bonse-Hart type diffractometer for
small angle X-ray scattering, extends the Q range covered by SANS spectrometer to lower
Q. This increases the sensitivity of inhomogenity on length up to some microns. The
instrument has a PG (004) monochromator mounted on the neutron guide (NG-2), 63 m
away from the reactor core. Two nearly perfect Si (311) single crystals are used as
monochromator (AVX = 0.15 %) and analyzer (A9 = 0.0001°) and installed on goniometers.
These goniometers which provide rotation, translation and tilting movements are mounted
on an optical bench moving on air cushions and controlled by a computer or handy terminal
(HT). Three detectors are installed for alignment, monitoring and diffracted beam
measurements.

The sample with a maximum size of 30 x 30 mm2 is placed between the two Si (311)
crystals whereas the whole system is installed in a thermostatic room to obtain constant
sample temperature within 0.5° C.

4. Powder Diffractometer (DN1-M)

The powder diffractometer was the first instrument installed and situated in the reactor
experimental hall (XHR). This diffractometer was a gift from the Japanese Government as
a token of good will. It is a standard two axis type diffractometer with a PG (004) focusing
monochromator to enhance the neutron flux at the sample position. Mylar films coated with
gadolinium are used for collimators with angular divergences of 20' and 40'. In
collaboration with the Japan Atomic Energy Research Institute (JAERI), five years ago the
diffractometer was modified for residual stress measurement.

Modifications were made by installing a divergent flight tube of 1750 mm long on the
diffractometer arm in front of a 256 mm long one-dimensional position sensitive He3
detector (1D-PSD). The distance between the sample and the tip of the flight tube can be
varied continuously in the range of 0-190 mm, to allow handling big samples. For sample
mounting and positioning the instrument is equipped with goniometer having three
orthogonal translations as well as a turn table to rotate sample around the incident beam.
The size of both incident and scattered beams are defined by apertures having various
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diameters ranging from 2 to 5 mm. The volume sampled by the diffractometer is then
defined by the intersection of the incident and scattered beams in the scattering plane.

The latest development of the instrument has been made by replacing the PG (004)
monochromator with a bent Si (311) single crystal to obtain higher intensity of
monochromatic neutron beam. Residual stress in a standard specimen of a U-shaped carbon
steel was measured to test the performance of the machine. Figure 4 shows the schematic
diagram of the instrument.

CURRENT STATUS

As mentioned earlier, that the HRPD is the most heavily used instrument since it is in a
very good condition. The reduction of reactor power down to 15 MW thermal has
prolonged the experiment time. It takes about 24 hrs to have a complete 100 steps. Besides
that some rooms for improvements are still available especially in the area of increasing its
detector efficiency. This can be done either by replacing the "unfit" detectors or repair the
soller collimator in front of them.

The next instrument in line is the SANS spectrometer. It has been used during last sub-
workshop, February 1999. Even though it runs well for a certain experimental setting, some
of its components need replacement and/or repair due to their ages. At this moment, the
velocity selector can not be tilted for different angles due to leakage in some areas of the air
pipes. Sometimes its control panel just doesn't work and without any reason it came back.
One more disturbance is that the center of its detector is not at the center of neutron beam.
Early this year we were planning to install a new beam stopper controller since the old one
couldn't provide the transmission measurement required in the experiment. Some of the
components have not been procured yet. We are planning to fix it as soon as possible,
especially when there is long reactor shut down next month during yearly maintenance. The
last problem is the parasitic signals which always occur when we remove the guide tube. It
is very difficult to find a suitable pin hole setting for these collimation settings. We'd like to
invite some comments and suggestions to overcome this problem.

The FCD/TD has been in an idle condition since the failure of its computer in October
98. It seems that the problem is almost the same with the one that happened to the TAS
computer a few years back. This kind of problem seems to be potential and look like to
happen any time to any other of the instrument's computer if we didn't prepare proper
anticipations. We would like to gather any kind of suggestion for solving and overcome
them.

The diffractometer for stress measurements are not in its top performance since its
multi-crystal monochromator produced a double peak instead a monochromatic neutron
beam. The calibration for this monochromator system using FCD/TD had to be cancelled
due to the condition of FCD/TD.

The HRSANS spectrometer is still has the calibration problem and its computer started
to show the same problem with TAS and FCD/TD. It was found last week when it showed
an error message "system call error". Actually, before that it was in a good condition and
we were trying to run some samples.

Early this year, we were checking the position of main beam shutter at the beginning of
the neutron guides. We found that 1/4 of the guide was blocked by the shutter. This was
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fixed by moving the shutter 8 mm and we obtained an increase in the counting rates at all
three instruments connected to the guides. Table 1 below presents the counting rates at
these instruments.

Table 1. Counting rates before and after the adjustment of main beam shutter position

Instruments

SANS
HRPD

HRSANS

Monitor Position

After velocity selector
After monochromator
After monochromator

Counts per second
Before

3200
80

1300

After

4900
125
1900

SUMMARY

There are several neutron instruments that should be very powerful for running some
materials research experiments. The community who has big concern is also building up
and eager to conduct some experiments. The HRPD is in good condition, while others need
different attention to bring them to a stage so they can perform real experiments. Some of
the problems are due to their component's age but most of the problems came from their
electronics and instrumentation that need a real modification to accommodate current
electronics and instrumentation demand and developments. Some of this modification and
replacements have been carried out in the last two years with the help of JAERI and its
experts. By accident, adjustment of main beam shutter position has increased neutron
intensities at some instrument connected to the guide tubes. Some more improvements have
been planned for the near future with clear priorities. Suggestions, supports and helps from
established neutron scattering centers all over the world are very welcome as well as from
this workshop.
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Fuel Assembly
Beryllium Reflection Element

= Irradiation Position (reflector)
= Central Irradiation Position
= Normal Rabbit System
= Irradiation Position (core)
= Beam Tube
= Fast Rabbit System
= Neutron Radiography Facility (out of core)
= Power Ramp Test Facility

Figure 1. Reactor core and its irradiation facilities

• XHR = Experimental Hall
• NGH = Netron Guide Hall
• NG1 = Neutron Guide #1
• NG2 = Neutron Guide #2
• PD = Powder Diffractometer
• FCD/TD = Four Circle Diffractometer/ Texture Diffractometer
• HRPD = High Resolution Powder Diffractometer
• TAS = Triple Axis Diffractometer
• SANS = Small Angle Neutron Spectrometer
• HRSANS = High Resolution Small Angle Neutron Spectrometer
• NDT-1 = Neutron Radiograhy Facility

Figure 2. The Layout of the neutron scattering instruments in the reactor experimental
hall (XHR) and in the neutron guide hall (NGH)
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Figure 4. Neutron diffractometer for residual stress measurement

Figyre 3. Diffraction pattern of Tio2 standard sample
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