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1. INTRODUTION

Nuclear research reactors are the most widely available neutron sources,

and they are capable of producing very high fluxes of neutrons having a

considerable range of energies, from a few meV to 10 MeV. Therefore, these

neutrons can be used in many fields of basic research and for applications in

physics, chemistry, medicine, biology, etc. Experiments with research reactors

over the last 50 years have laid the foundations of today's nuclear technology. In

addition, research reactors continue to be utilized as facilities for testing

materials and in training manpower for nuclear programs, because basic training

on a research reactor provides an essential understanding of the nuclear process,

and personnel become accustomed to work under the special conditions

resulting from irradiation and contamination risks.

The Atomic Energy Authority of Egypt (AEA) has since its establishment more

than 40 years ago developed into holding the national leading role in the nuclear

research and development. The first Egyptian research reactor ETRR-1

commissioned in 1961, is one of the first reactors in the African content. The

ETRR-1 is a 2MWth WWRS type with maximum thermal flux in core of 2 x 1013

n/cm2.s. The reactor was used for solid state, nuclear and reactor physics, studies

for chemical research, for isotopes production and for biological irradiation.

136



Although the reactor operation stopped for many times due to different reasons;

hundreds of papers and reports concerned works connected directly with the

reactor were published. Due to the request of the Egyptian scientists in different

fields and to meet the increasing demands of neutron users in addition to the

continued development of the different neutron experimental techniques, there

was a decision to have a new reactor ETRR-2 with better technical facilities.

2. ETRR-2 RESEARCH REACTOR

The ETRR-2 project started in 1992, the reactor went critical for the first

time on Nov. 1997 and reached its designed maximum power in Mar. 1998. The

reactor now is under the stage of experimental facilities commissioning. The

ETRJR.-2 design objectives are oriented to meet the basic nuclear requirements

taking into account the utilization group requirements. Such design objectives

were adapted by (AEA) in order to use the reactor for radioisotopes production,

medical and industrial purposes, basic and applied research in different

disciplines (reactor and neutron physics, nuclear solid state, condensed matter,

nuclear engineering, material fuel tests and activation analysis) for training the

scientific and technical personnel.

2.1. Major specifications of ETRR-2

Reactor type : open pool multipurpose reactor (MPR) light water moderated

and Beryllium reflector.

Thermal power : 22MW

Thermal neutron flux : 2.7 x 1014 n/cm2 sec.

Experimental facilities: Horizontal beam tubes, 2- Tangential and 3- Radial, 1

cold neutron source, 2 neutron guides
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The Neutron

The neutron is an Ideal tool for probing solids
and liquids. Uke electrons and x-rays, neutrons
can be used to 'see' atomic structure.

Thermal neutrons generated in research
reactors are scattered by atoms in the material
being probed. The scattering pattern reveals the
sample's structure and dynamics.

Distinguished Characteristics of Neutron

Has a wavelength about equal to the
spacing between atoms in molecules.
That means neutrons can produce
interference patterns from the atomic
lattice.

Is electrically neutral, so it passes
through the atomic electron cloud to the
nucleus. This makes neutrons very
penetrative compared with electrons and
X-rays. It also means they give unique
information about many elements,
including hydrogen.

Has a magnetic moment, so
neutrons can probe magnetic materials,
like those containing iron, to reveal
magnetic structure.

Has an energy similar to the vibrational
energy of atoms in solids and liquids.
This means neutrons can "see' the
motions of the atoms in molecules in
detail.
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Life Sciences
Neutron scattering is contributing to the biotechnology
revolution. The current research areas include
maaomolecular complexes, conformational changes,
protein structures, protein-nucleic acid interactions,
membranes, self-assembling structures, emulsions and
biomineralisation.

Engineering
Industry uses In situ neutron studies to check • and
improve welds, and mechanical and thermal properties
of components. Neutron imaging techniques used in
quality control studies delect internal flaws in critical
equipment The aerospace, marine, petrochemical and
defence industries benefit from these techniques.

Physics
Physics is the starting point for understanding the
fundamental properties of advanced materials, including
magnetism, superconductivity and heavy fermion
systems. Neutrons lend themselves to the study of
dynamic phenomena such as quantum liquid systems,
lattice dynamics, phase transitions, magnons and crystal
field excitations.

Materials Science
Scientists are using neutron scattering to work out the
relationship between the composition and structure of
materials, and thermomechanical and transport
properties. This guides them in designing new materials
for the 21st century, such as opto-electronic materials,
superconductors, nanostructures, ceramics, sensors and
building materials.

Chemistry
Neutron studies reveal crystal structure and dynamics of
materials. They shed light on hydrogen bonding,
reaction kinetics, molecular dynamics, molten salts,
electrochemistry, polymers, colloids and catalysis.

Earth and Environmental Sciences
Scientists use neutrons to study minerals at high pressure
and temperature to understand the geology >and
evolutionary history of the earth. Neutrons can also
provide information on the surface properties
morphology and microstructure of minerals and on
industry scale precipitation and crystallisation processes.
This knowledge can enhance resource processing. Other
research areas include studies of hydrous/anhydrous
phases and waste remediation.
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IRRADIATION FACILITIES

Irradiation Grid Positions : 26
Neutron Beam Tubes :

Radial : 3
Tange. : 2

Pneumatic Transfer Systems : 2
Graphite Thermal Column : 1
Transference Hot Cell
Testing Hot Cell
Universal Hot Cell
Loading Hot Cell
High Pressure Test Rig
High Pressure Test Loop
Neutron Radiography system
Under Water Neutron Radiography Device
Tumor Irradiation Room
NTD Facility
Cold Neutrons House
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2.2. Cold neutron Source

Moderation of thermal and fast reactor neutrons is generated in a cold

neutron source (CNS) which is used for cold neutron production. Cold neutrons

have an energy range 10'1 to 5.10"3 eV (wavelength ~ 4 to 25 A ). Such

wavelengths are comparable with inter-atomic and inter-molecular distances and

energies of the same order of magnitude as that of thermal motion of atoms.

This is the reason why cold neutrons are extensively used for the study of the

structure and dynamics of condensed matter. The intensity of cold neutrons in a

convential reactor beam is only about 1 %, to enhance the intensity a cold

moderator is used. The moderator shifts reactor neutron spectral distribution

towards low energies. Liquid hydrogen is an efficient moderator for this

purpose. A decision has been taken to install a cold neutron source based on

liquid hydrogen, on account of its great capability to supply a copious flux of

long wavelength neutrons. The following is a brief report, describes the

characteristics design of the research facilities of neutron scattering to be

installed. Some parts of the description are contributed by the representatives of

the users groups. The proposal for neutron scattering instruments were reviewed

and compared with existing facilities around the world, including those at

leading laboratories in West Europe, East Europe, Asia, and America. The

recommendations that emerged from the discussions imply the installation of

five instruments, which are considered most useful for present and prospective

research fields, as well as appropriate to the MPR characteristics.
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3. PROPOSED NEUTRON TECHNIQUES

The principal experimental facilities for scattering experiments using

thermal and cold neutrons are followed:-

3.1. Reflectometer will be installed at NG1A

Monochromator : Chopper

Distance chopper to detector : « 7.5m

Distance sample to detector : « 7.5m

Wavelength resolution : fixd delta-lambda = 0.2 A AAA

Angular range : from 0 deg. to 2 deg,

Angular resolution : 0.003-0.01 (depending on

pollimation)

Position of the surface : Horizontal

Typical accessible reflectivities : 4xlO"5 (with sample size

10x40mm)

Detection : 3He-XY type

2 neutron guides : 30% at 5 A

Number of cells : 128x12$

3.2. Small angle neutron scattering facility (SANS) will be constructed at

the end position of cold neutron beam guide NG1B providing long

wavelength neutrons

Monochromator : mechanical speed selector

Wave length resolution : 10% < AX IX < 18% (FWHM)

Q range : 2D-position sensitive detector XY type with

64x64 elements each 10x10mm2

Distances collimators : lm, 2m, 4m, 12m

Distances sample detector: 1 to 12m continuously (horizontally) at

lm: 0.3m vertically
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3.3. Triple-axis spectrometer with polarization analysis (TAS) will be

installed at NG2

Monochromator

Angular range :

Wavelength range :

Range of scattering angle:

Analyzer :

Range of scattering angle:

Collimators

Polarization Analaysis

Monochromator

Analyzer

Guide fields

Spin flipper

Polarization

Pyrolytic Graphite (002), with variable

vertical curvature

30 <20 < 155

1.9meV < E < 27meV

-155 < 0 < 1 5 5

Pyrolytic Garaphite (002), with variable

vertical curvature

-130 < 20 < 130 at analyzer

Gadolinium coated soller collimators

before sample, analyzer and detector

divergences 20 . 40 . 60

with variable verticalHeusler III

curvature

Heusler III

Vertical, various lengths, permanent

magnets

: Mazei type with correction coils

: > 93%, R > 30 with 20mm circular

diaphragm collimation : open - 20' -open

- open

3.4. Prompt gamma-ray activation analysis [PGAAJ using CN, will be

installed on the cold neutron guide NG2 at end position and placed

as far as possible from any sources of diffuse scattering

: 25-30cm3 (H.P.Ge.) detector placed

inside the central hole of a cylindrical

Nal(TI) scintillators of 254mm (j) and

Pair spectrometer

143



254mm L divided optically into 6 slices.

Compton-Suppression Central H.P.(Ge) in a 240mm (j> and

Spectrometer : 250mm L Nal(TI)/BGO scintillator.

3.5 High resolution powder diffractometer (HRPD) will be installed in

the reactor hall, and constructed on the exit position of the

through tangential tube and looking at a thermal (beryllium)

source in opposite side of the cold source.

Monochromator Bragg angle

Remote monochromator selection

Incident wavelength

Beam size at specimen

Resolution

Angular ranges :

Collimation

Detection system

20M > 90

Ge (511), focusing + additional

monochromators

X>1.54A

25 x 50mm2

Ad/d = O.OO3

5"<20 <160 (Tandem

configuration)

91< 29 < 01+ 50 (Butterfly

configuration)

down to 7'-20'-7' or ai = a3 = 10'

Two banks each with 15 He3

(5 apart, 10 atm., 150mrti height)

The performance of each facility therefore is expected to be reported in detail

after completion of installation and operation.
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4. APPLICATIONS

In fact the local program depends of interest of scientists who want to use

neutron instruments. The thermal and cold neutrons have specific possibilities

to study on more large scale of structure and to increase the energy resolutions at

the study of dynamical effects. Possibilities of polarized neutrons open new

fields of investigations in fundamental problems of matter and in applied

material science as well. This will be a quantum jump in using neutrons for

material scientists in Egypt who are eager to study the advanced materials

among which for example, the properties of HTSC which is active and hot

scientific problem still open for competition and needs more and more studies

and such main neutron scattering instruments can be used to study :

• Atomic structure, lattice instability and oxygen atom distribution (HRPD)

• Excitation-phase transitions

• Magnetic field distribution, magnetic flux pinning mechanism.

• Oxygen vacancies.

• Structural and magnetic behaviour at low temperature.

• One of the main quantum of HTSC problems of whether magnetism is

involved in the formation of the superconducting state.

• YBaCuO compound dopped by Fe, the possibility of coexisting of magnetism

and superconducting.

• Dynamical spin correlation specially for Cu-0 Planes.

• Phonons to study superconducting . mechanisms i.e. lattice vibration in

superconducting ceramics (TAS).

• Depolarization method and polarization analysis of scattered neutrons can

scan magnetic fluctuations in this system. (TAS).

• Porosity of HTSC ceramics (SANS and Reflectometer).
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Other proposed studies and applications using such facilities are:-

• Porosity of oil to bearing rooks

• Porosity in cement industry

• Porosity in coal industry

• Amorphous spin glass

• Amorphous polymers

• Steel industry

• Investigation of structure of various hydrogen contained materials

• Internal and residual stress states controlling the welds

• Magnetic domains of texture

• Thin film multi layers for electronic industry

In conclusion the operation of large scale facilities is an important task of

(AEA). These facilities are also made available to scientists from universities

other non university, research institutes and industry, needless to say, foreign

research groups will have opportunities for access to these facilities. With this

context AEA operates its new second research reactor for a neutron source to

supply a variety of modern instruments with thermal and cold neutrons.
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