


applied physics division analytical services
Applied Physics Division Analytical Services (APDAS) is a new initiative within the Australian

Nuclear Science and Technology Organisation. This government-funded organisation, Ansto, is fully
committed to building and maintaining strong links with industry through the provision of a range of
scientific and technical goods and services.

Because of its background and achievements in high-tech research, APDAS can provide solutions
to many of the problems that arise in Australian industries.

One of the facilities available to APDAS is a positive ion particle accelerator. This enables any
positive ion in a gaseous medium to be accelerated to energies ranging from a few hundred thousand
to three million electron volts for single charge states.

The accelerated ions strike a target causing nuclear reactions which allow several types of analyses
including elemental analysis to be performed.

In this APDAS facility, ion beams can be steady-state or pulsed with pulse durations as low as
three nanoseconds. Target preparation and fully automated data recording are also available.

ACCELERATOR-BASED SERVICES PRESENTLY AVAILABLE

Proton Induced X-ray Emission (PIXE)

Proton Induced Gamma-ray Emission (PIGME)

Standard Neutron Irradiation Facility (SNIP)

Oxygen-18 Analysis

Surface Analysis

Valuable Specimen Analysis

Analysis Software Packages
Nuclear Reaction Profiling

3MV Van de Graaff accelerator



applied physics division analytical services

SURFACE
ANALYSIS AND
DEPTH
PROFILING
USING ION
BEAMS

The study of material sur-
faces has been revolutionised
recently by the development of
a number of accelerator-based
analytical methods. Through
these analytical methods infor-
mation is gained on the quanti-
tative depth profiles of con-
stituent elements in the
surfaces of samples.

Particular applications of
surface analysis techniques
are the study of semiconductor
devices for depth profiles of
elements such as hydrogen
and oxygen, surface contam-
ination information, and thin
film measurements of uni-
formity and depth.

The techniques are non-
destructive, highly sensitive,
have good accuracy and are
applicable for depth in the
range 1O nm-100 /urn.

METHODS
APDAS can provide several techniques. The various
types of interactions are illustrated in figure 1. In each of
them an incident ion beam interacts with the sample at
depths which are related to the ion's energy and mass.
The ion may be scattered from the sample in a forward
or backward direction and gamma rays or secondary ions
may be produced.

The scattered ions or secondary radiations are
measured in an appropriate detector and, from the
measured intensities, quantitative data on the constituent
elements or a profile of the element concentration to the
maximum range of the incident ion in the sample can be
obtained.
• Rutherford backscattering (RBS) can provide quanti-

tative data on major light element components such
as nitrogen or carbon, or multi-element depth profiles
for heavier elements in lighter matrices, such as Au or
Si or As in Si.

• Nuclear reaction analysis (NRA) provides depth pro-
files for individual elements such as oxygen, lithium,
boron, fluorine and sodium.

• Forward recoil analysis (FRA) gives depth profiles for
light elements — in particular hydrogen and deuterium.

• Particle induced X-ray emission (PIXE) provides
simultaneous measurement of all elements, of atomic
number greater than 10, in near-surface layers.

• Channelling of ions is used for lattice and impurity
location in near-surface regions.
Each of these techniques are discussed in detail on
separate sheets.
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FIG. 1.
ION BEAM INTERACTIONS WITH MATTER



An example of the use of
techniques is shown in figure
2, where the RBS spectrum
resulting from a 15 nm layer of
AuGe-Ni deposited on a GaAs
substrate is shown. This
technique was used to study
the penetration of Au contact
layers to GaAs crystals.

FIG. 2.

RBS spectrum for 2 MeV 4He ions backscattered from
15nm AuGe-Ni deposited on GaAs before alloying. Reaction
angle 90°. Dashed curves: experimental spectra. Solid curves:
computed spectra. Energy calibration ~ 5 2 keV/channel.

Subsequent measurements
on a furnace alloy sample
showed the Au alloyed region
now extends down to about
200 nm into the GaAs. This is
shown in Fig. 3 where the Au
profile has changed from the
sharp surface peak (15 nm) in
Fig. 2 to the broader surface
profile (200 nm) in Fig. 3.

FEATURES
Non-destructive.
High sensitivity and
accuracy.
Probe depth 20 nm-1 /AID.

(iv) Hydrogen and oxygen
profiles.

APPLICATIONS
(i) Semiconductor studies.
(ii) Oepth profiles.
(iii) Surface contamination.
(iv) Thin films.

FIG. 3.

RBS spectrum from 2-MeV "He ions backscatterod from
15 nm AuGe-Ni deposited after furnace alloying. Reaction angle
90°. Dashed curves: experimental spectra. Solid curves:
computed spectra. Energy calibration — 5.2 keV/channel.

TYPICAL COSTS AND
AVAILABILITY

The cost to outside users of the accelerator time and
technical support is subject to negotiation.

These analysis facilities can be made available to
Australian tertiary institutions through the Australian
Institute of Nuclear Science and Engineering (AINSE)
which supplies yearly grants to these institutions to use
the Lucas Heights facilities.

CONTACT
Dr J. R. Bird ANSTO (02) 543 3447
Mr P. Duerden ANSTO (02) 543 3223
Dr D. Cohen AINSE (02) 543 3042
Apdas Accel. 6/87

a division
Private Mail Bag 1 MENAi NSW 2234
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STANDARD
NEUTRON
IRRADIATION
FACILITY - SNIP

WHAT IS SNIP?
SNIP was established in

1984 within the Applied
Physics Division at the Lucas
Heights Research Establish-
ment. It is several beamlines
on the 3 MV Van de Graaff
accelerator dedicated to
producing neutron beams of
known energies and known
intensities. These neutrons
are produced by bombardment
of light solid targets, such as
7Li, ^Be.or gas targets such as
2D, 3T, by light ions such as
protons, alpha particles or
deuterons. The kinematics of
these light ion reactions
determines the neutron
energies and fluxes produced,
and these may be tailored to
some extent to meet user
demands.

SNIP
Other facilities

Accelerator

PLAN VIEW-ACCELERATOR BEAM LINES

NEUTRON BEAMS AVAILABLE
Using neutron producing reactions such as:

7Li(p,n)7Be
9Be(d,n)'°B
2D(d,n)3He
3T(d,n)4He

we can supply up to approximately 3 x 108 neutrons cm~2

s~1 with energies from tens of keV to several MeV. The
upper neutron energy limit is presently set by the
maximum voltage of 3 MV obtainable on the Van de Graaff
accelerator. The maximum neutron flux tends to be set
by target heating effects of the bombarding ions or by
the radiation shielding problems associated with large
neutron flux production.

The neutrons are generally produced in air at the end
of the beamline which means that geometrical restrictions
on sample sizes are minimal. Sample sizes from sub-
millimetre to around 100 cm diameter are possible,
depending on the neutron flux distributions required.
Solid, liquid or gas samples are also possible.

APPLICATIONS OF SNIP
The possible applications of tailored neutron beams

are only limited by the user's imagination. However some
typical applications to date include:

(a) Bulk sample analysis — using inelastic neutron
scattering, particularly good for elemental analysis
of such elements as Li, Na, Al and Au.

(&) Resonance Neutron Radiography — a non-
destructive technique for measuring and imaging
the isotope distributions within samples.

(c) Determination of sample moisture content by
neutrons and y-ray transmission measurements.
This has been applied in industry to measure
moisture content to coke, coal, wood, soil and even
meat.

(Q!) Neutron Radiobiolo.gy
— fast neutron therapy for the

treatment of cancers;
— neutron damage studies in

biological systems (DNA etc.);
— gene cloning studies for

radioresistance;
— in vivo neutron diagnosis.

NEUTRON DETECTORS
Currently there are several types of neutron detector

systems available within SNIP these include
Long Counters
Plastic/Liquid Scintillators
BF-3 Counters and
Li GJass Scintillators

which adequately cover the available neutron energy
ranges.



NEUTRON DOSE CALCULATIONS
For many biological applications it is necessary to

convert neutron energy/flux parameters to total sample
dose (grays) received. This is possible using a
variety of computer codes and further work is proceeding
on SNIP to expand these dose calculations to the widest
possible range of samples.

An example of the dose received by a phantom tissue
sample for various neutron energies is given in Fig. 1.
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TYPICAL COSTS AND AVAILABILITY
The cost to outside users of the accelerator time and

technical support is subject to negotiation.
SNIF can be made available to Australian tertiary

institutions through the Australian Institute of Nuclear
Science and Engineering which supplies yearly grants to
these institutions to use the Lucas Heights facilities.

CONTACT
Dr John W. Boldeman ANSTO 543-3206
Dr David D. Cohen AINSE 543-3042
Apdas Accel. 4/87

a sliwisian of Qnsto



MOISTURE IN
SOILS AND
SIMILAR
MATRICES
NEUTRON PROBES
AND THEIR USE

The neutron method of
determining the density of
water in soil is based on the
scattering and slowing down of
the neutrons emitted by a
source of fast neutrons in-
corporated in a probe (fig. 1).
The probe is lowered into a
borehole and the neutrons are
scattered and slowed down by
collisions with the atoms of the
surrounding soil (fig. 2). Since
hydrogen is by far the best
scattering atom, the number of
neutrons returning to the
detector within the probe is a
function of the density of the
water in the soil. The soil water
content is calculated from the
slow neutron count rate and a
calibration curve.
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FIG. 2.
A Neutron probe in a borehole

FIG. 1.
A Neutron Moisture Probe

The advantages of the method, compared to gravimetric
sampling are speed, cost and precision. Repeated
measurements are made in the same borehole to
determine changes in water content.

PROBLEMS
The instrument responds to all hydrogen present and

not only to that in the available water. Clays are
particularly difficult in this respect so a correction factor
is necessary.

Soil density affects the relation between water density
and count rate (calibration) and must be determined either
by gravimetric methods or from gamma-ray density probe
measurements in the borehole.

Neutron absorption by elements in the soil affects the
calibration by reducing the number of neutrons returning
to the detector (fig. 3). The absorption can be derived
from a complete chemical analysis of the soil which is
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Calibration curves for

soils with different neutron
absorbing qualities.
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The thermal neutron

flux resulting from a fast
neutron source at different

distances from a soil horizon.

expensive, or preferably by measurement in the research
reactor Moata. The latter method uses a larger and
therefore more representative sample and does not miss
the effect of trace elements which may be highly
absorbing.

Water density gradients in the soii may affect the
measured water content. Correction factors for this
perturbation can be determined from a series of
measurements made on either side of the point of interest.
This is a complex problem and the corrections vary with
the other soil parameters.

Soil horizons present difficulties when the probe is near
the horizon. In this case neutrons arrive at the detector
from the other soil region which may be different and
contain considerably more or less water.

Borehole liner materials must be considered and
calibrations should be made using a sample of the liner
used in the fieJd. Metal pipes may be neutron absorbing
whereas plastic pipes appear as water to neutrons and
enhance the count rate. Corrections are possible for
different materials.

OTHER APPLICATIONS
This technique can.be applied to the measurement of

moisture in seasoned timber, grain, concrete, coal heaps,
mine spoil, etc. The probes will respond to the presence
of carbon and hydrocarbons but techniques for
interpreting the results will need developing.

SERVICES
Advice and consultation at ANSTO laboratories or

customer sites. Soil cross-section measurements, probe
calibration, calculations for correction factors, feasibility
studies, research and development.

CONTACT
Dr D J Wilson Applied Physics Division
(02) 543 3493
Apdas Reactor 2/87

Private Mail Bag 1 MENAI NSW 2234
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HYDROGEN
ANALYSIS AND
DEPTH
PROFILING

The presence of hydrogen
and its isotopes on the surface
or in the near-surface regions
of many materials can have
dramatic effects on the physi-
cal, chemical and electrical
properties of these materials.
It affects the electrical proper-
ties of semiconductors and the
efficiency of solar cells in the
conversion of solar energy to
electrical energy. Hydrogen
resides on most surfaces in
one form or another, it is an
extremely mobile atomic
species and it diffuses readily
into most surface structures. A
simple technique which is cap-
able of analysing for hydrogen
is therefore most useful.

1H(4He,1H) "He

/ / /\ Detector

THE ANALYSIS
Hydrogen is a most difficult atomic species to profile.
Rutherford backscattering spectrometry (RBS) can be
used to detect and profile most lighter elements, however,
it is unsuitable for hydrogen analysis. A modification of
the technique called elastic recoil detection (ERD) is used.
This technique is based on the fact that a heavy ion
elastically scatters a lighter atom from the surface regions
of a sample and into a detector if the energy and the
angle of incidence of the ion and the angle of emergence
of the atom are correctly selected.

The experimental configuration used at Lucas Heights
is illustrated schematically in Fig. 1. A helium beam (mass
4 amu) enters the sample at an angle a, between 5°and
40°, and the elastically scattered hydrogen atom (mass
1 amu) leaves the sample surface at an angle /3, where
(a+/3) OO0. The Mylar foil (about 10 yu.m thick) prevents
the scattered helium beam from reaching the detector.
The hydrogen atoms are slowed down by this foil but not
sufficiently to stop them from reaching the detection
system. Typical helium beam energies obtainable at
Lucas Heights on the 3 MV Van de Graaff accelerator
are from 1 to 3 MeV, depending on the type of application.

Fig. 2 shows a typical hydrogen spectrum obtained for
a thick Mylar sample using the ERD technique. Mylar
contains 36 atom % hydrogen. The solid curve of Fig. 2
is a computer fit to the data (dashed curve) and allows
not only the hydrogen concentration to be determined but
also a depth profile to be obtained. The data are for
tt=/3=10°, for 2.5 MeV helium ions and the hydrogen
energy scale of 0 to 0.9 MeV represents a depth of about
0.6 yam into the Mylar. The spectrum was acquired using
a 10 nA helium beam for about 60 seconds, so data
collection is very fast.

FIG. 1 FIG. 2



Typically the depth resolution for the ERD technique
is 400 to 800 A and the sensitivity is around 0.1 atom %
for helium beams. Depths to about 2 //.m into the sample
may be analysed using the 3 MeV Van de Graaff
accelerator.

TYPES OF SAMPLES
The three-dimensional manipulator shown in Fig. 1 of

the Oxygen Analysis data sheet is also used for the
hydrogen analysis. It is under vacuum and is only capable
of handling solid targets from a few millimetres to several
centimetres in diameter. Hydrogen is very mobile so care
should be exercised that the analytical procedure does
not alter the profiles obtained.Tb avoid this we may cool the
targets with liquid nitrogen to freeze the hydrogen in place
while taking the measurements. Samples measured so
far include semiconductor silicon, obsidian glasses and
a variety of polyesters.

APPLICATIONS
This type of analysis is a surface technique and is

limited in depth to the range of the ion beam used in the
sample, which is typically just a few micrometres.

An advantage of the ERD technique is that the
hydrogen isotopes, 1H, 2D and 3T, can be profiled
simultaneously with 2 to 3 MeV helium beams. At a
scattering angle of («4-/3) = 15° 1H, 2D and 3T can be
recoiled with sufficient energy to penetrate the Mylar foil
with surface 2D and 3T both having a detected energy
about twice that of surface 1H. This type of capability is
available for the measurement of hydrogen retention and
isotopic exchange in first wall or coating materials subject
to fusion reaction environments.

Other obvious applications are possible, for instance
looking at hydrogen processes on metal surfaces or
tracing hydrogen or deuterium movements in silicon or
other important semiconductor materials.

TYPICAL COSTS AND
AVAILABILITY

The cost to outside users of the accelerator time and
technical support is subject to negotiation.

This analysis facility can be made available to
Australian tertiary institutions through the Australian
Institute of Nuclear Science and Engineering (AINSE)
which supplies yearly grants to these institutions to use
the Lucas Heights facilities.

CONTACT
Dr David D. Cohen AINSE 543-3042

Apdas Accel. 5/87

a division of C&nsto
Private Mail Bag 1 MENAI NSW 2234



PIXE
ELEMENT
ANALYSIS

Proton Induced X-ray
Emission (PIXE) is a fast
simultaneous multi-element
surface analysis technique.
Samples can be solids, soils,
powders and even aerosol
particulates collected on filter
paper.

In conjunction with PIGME
(Proton Induced Gamma-ray
Emission), the APDAS auto-
mated PIXE facility (Fig. 1)
provides a unique analytical
capability.

FEATURES

In 5 minutes, X-ray data can be collected from up to
20 elements. The emitted X-rays are, like a fingerprint,
characteristic of the individual element.

The abundance of each element in the unknown
substance can be obtained from a computer analysis of
the X-rays emitted by that element. Major components
and trace elements from aluminium to uranium, down to
1 mg/kg, can be determined in a single measurement.

Samples examined include environmental aerosols,
freeze-dried blood and hair, archaeological pottery and
natural glass, coal, oil shale and ores.

FIG. 1

PIXE AUTOMATED TARGET STATION AND ANALYSIS SYSTEM



PROCEDURE

Up to 60 samples can be loaded on a target stick for
analysis in a vacuum chamber where they are bombarded
with high energy proton beams (2-3 MeV) produced by
a 3 MV Van de Graaff accelerator.

X-rays are produced by ionisation processes which
occur during the slowing down of the proton in the sample.

The Coulomb interaction between the ion and the target
nucleus results in the ejection of an inner shell (K, L etc.)
electron (A). The resulting inner shell vacancy is filled
by an outer electron (B) and an X-ray (C) carries off the
excess energy. These X-rays are characteristic of the
excited atoms (D). (See fig. 2).

X-ray spectra similar to that shown in figure 3 are
stored in an on-line computer.

The energy of the X-rays is characteristic of the
elements from which they originate and the number of
X-rays is proportional to the elemental concentration.

PIXAN, and APDAS-produced computer package for
the analysis of PIXE spectra, is then run for the final data
reduction which produces for you a report tabulating
measured elemental data, such as element
concentration, and minimum detection limits.

D

Incident
proton

Characteristic X-ray

FIG. 2

PIXE ANALYSIS OF COARSE PARTICULATE MATTER
IN A SAI\A,!JLE OF AIR

FIG. 3

CONTACT.
Peter Duerden ANSTO 543 3223
Eric Clayton ANSTO 543 3416
Dr David Cohen AINSE 543 3042

Apdas Accel. 1/87

a division aff Qnsto
Private Mail Bag 1 MENAI NSW 2234
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NEUTRON

RADIOGRAPHY

Radiography is the art of
revealing the contents of a
sealed "black box" without
using a key. If a beam of pene-
trating radiation is directed
through a black box, the rays
of energy are absorbed or
scattered to a degree which
depends upon the atomic and
nuclear properties of the
various elements forming the
composition of the object.

If a film emulsion is exposed
to the emergent beam of radi-
ation, an image of the areas of
high and low penetration is
produced which gives a very
detailed portrayal of the
contents of the sealed object.

Although there is a long
history of the successful use of
X-ray radiation for non-
destructive testing, the advent
of the nuclear industry added
high energy gamma radiation
sources and, mc'-e recently,
neutron sources to the list of
options available(Fig.l).

FIG. 1
THE NEUTRON RADIOGRAPHY

PRINCIPLE

The steel casing of an auto-
mobile fuel injector (brown) is
penetrated by neutrons to
reveal images of non-metallic
components (red) superim-
posed on the casing image
(blue).

WHY NEUTRONS?
X-rays are strongly attenuated by dense materials and

are therefore unsuitable for some radiographic
applications. Consider a black box made up of a metallic
element such as iron or aluminium containing light, non-
metallic components such as polyethylene, carbon or
ceramics. An X-radiograph of the object will reveal only
the outline of the box. X-rays pass through the non-
metallic components with little attenuation and the image
of the walls of the box is much stronger than that of the
contents making analysis difficult.

Neutrons have no electrical charge and hence are not
influenced by the cloud of electrons through which
penetrating radiation must pass in any solid or liquid object
of normal density. Also, the nuclear properties of many
non-metallic substances cause neutrons to be absorbed
or scattered. Much less attenuation is caused by such
elements as iron or aluminium. Consequently, a neutron
radiograph of the black box would consist of a faint image
of the metallic wall superimposed on a clearer image of
the non-metallic contents.

APPLICATIONS
Applied Physics Division has provided a commercial

neutron radiography service for more than ten years.
Neutron radiographs have been made of aircraft
components (Figs. 2, 3), explosives detonators (Fig. 4),
cardiac pacemakers (Fig. 5) and electrical and electronic
components. Even the growing root system of seeds has
been radiographed in support of agricultural research.
Radioactive sources in lead containers or unshielded
sources may be examined without the film-fog problems
normally associated with such materials.

FIG. 2
NEUTRON RADIOGRAPH OF AN AIRCRAFT

EMERGENCY DOOR LATCH

Images of an oil-filled cavity (top left), a small explosive
charge (top middle) and several O-ring seals contrast well
with the main aluminium structure.



FIG. 4
NEUTRON RADIOGRAPH OF DETONATORS SHOWING

DEFECT GAPS BETWEEN LAYERS OF DIFFERING
CHEMICAL COMPOSITION

FIG. 3
NEUTRON RADIOGRAPH OF
AIRCRAFT ENGINE TURBINE

BLADE

If present, defective residual
core material will be revealed
using the neutron beam.

Q

FIG. 5
NEUTRON RADIOGRAPH OF CARDIAC PACEMAKER

AVAILABILITY AND COSTS
Moata has one neutron radiography station in service

with a maximum beam diameter of 100 mm on target and
a neutron intensity of 1.4 x 107 n cm"2 s~1 at maximum
reactor power. A second station under construction will
have a beam strength of 2 x 107 n cm"2 s~1 on
a target of diameter 170 mm.

The reactor service is provided at an hourly rate but
the unit price for radiography is reduced if several items
can be located on the target area of the neutron beam.
Please refer to the APDAS price list for costs of the
neutron radiography service.

CONTACT
Mr T Wall ANSTO (02) 543-3531
Mr J May ANSTO 543-3030
Apdas Reactor 1/87

a aivissesn of Cfensto
Private Mail Bag 1 MENAI NSW 2234
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ABSORBED
DOSE
CALIBRATION
SERVICE

ABSORBED DOSE STANDARD LEGAL UNIT
The Weights and Measures (National Standards) Act

1960 established the National Standards Commission,
with responsibility for the legal and organisational aspects
of maintaining a uniform national system of weights and
measures within Australia. The Act confers on CSIRO
through its Division of Applied Physics, responsibility for
the technical aspects of maintaining national standards
of measurement. In turn, CSIRO has delegated authority
to ANSTO for the maintenance of the absorbed dose
standard. This function is performed by the Radiation
Standards Laboratory at Lucas Heights.

Consequently, the determination of absorbed dose by
the Standards Laboratory represents the Commonwealth
legal unit of measurement for the gray.

FROM LEFT TO RIGHT:
A WATER PHANTOM,

A DUMMY CALORIMETER WITH ION CHAMBER IN
PLACE AND THE AUSTRALIAN PRIMARY STANDARD

FOR ABSORBED DOSE
(THE GRAPHITE CALORIMETER).

BEHIND THESE IS THE 60Co GAMMA SOURCE.



MAINTENANCE OF THE ABSORBED DOSE
STANDARD

"Maintenance" of the standards means the
development and dissemination of the measurements.
Since 1978, the absorbed dose standard has been
determined at this laboratory by a graphite micro-
calorimeter, developed by D. F. Urquhart, for cobalt-60
gamma rays. In 1986, this instrument was adapted to full
computer control by S. L. Sherlock. A Nuclear Enterprises
secondary standard dosemeter, model #2560, is used
as a working standard for absorbed dose in both graphite
and water for cobalt-60 beams.

With the introduction of linear accelerators, having peak
bremsstrahlung energies to 25 MeV, into hospital radio-
therapy departments, there is a requirement for primary
standard measurements of these beams. ANSTO is
developing the appropriate standards.

DISSEMINATION OF THE ABSORBED DOSE
STANDARD

ANSTO provides a calibration service for ion chambers
at cobalt-60 energies. The calibration is performed for a
field of area 4900 mm2 at a depth of 5.0 g cm"2 in both
graphite and water. The irradiation unit is an El Dorado
6 cobalt teletherapy unit made by Atomic Energy of
Canada Ltd.

The mechanical arrangement of the phantom is suitable
for calibrating Nuclear Enterprises type 2561 and 2571
ion chambers. Other types can be considered, but could
be more costly to calibrate.

CONTACT
Mr S. L. Sherlock
Leader, Radiation Standards Group
ANSTO
Private Mail Bag 1
Menai NSW 2234
Tel: (02) 543 3672

543 3501

Apdas Calibration 2/87

a division of Qnsto
Private Mail Bag 1 MENAI NSW 2234
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GAS PHASE
ENRICHMENT
MONITOR

APDAS has considerable experience in the
development of a wide range of specialised nuclear
instrumentation. These services can be utilised by
Australian industry to solve appropriate problems.

INSTRUMENTATION
FOR NUCLEAR
SAFEGUARDS
As a signatory of the Treaty for the Non-Proliferation of
Nuclear Weapons (NPT), Australia is committed to the
need to ensure that credible international safeguards are
being applied. As part of a bilateral assistance package
to the International Atomic Energy Agency (IAEA)
APDAS, with support from the Department of Foreign
Affairs, has been developing a number of special
instruments which safeguards inspectors from the IAEA
can use in their verification studies at nuclear installations.
One of these instruments is the Gas Phase Enrichment
Monitor (GPEM). See Fig. 1.

Fig. 1. Gas Phase Enrichment Monitor (GPEM).



APPLICATION
The GPEM enables the inspector to determine the

enrichment of uranium hexafluoride (UF6) gas samples
taken from the product, feed and waste lines of gas
centrifuge enrichment plants. The enrichment measured
is the ratio of 235U to total uranium (235U 4- 238U). The
inspectors use the monitor to verify the enrichment
values supplied by the operators of a plant.

HISTORY
The GPEM was developed and extensively tested by

APDAS over a number of years. It was first demonstrated
at URENCO, Netherlands in 1983 and underwent long-
term evaluation at Ningyo in Japan and at the Siebersdorf
Analytical Laboratory in Austria.
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PRINCIPLE OF
OPERATION

A UF6 sample of approximately 3g is evaporated into
a measurement chamber. See Fig. 2. Located above the
chamber is a sodium iodide detector and directly beneath
the chamber is an americium-241 radioactive source.
The total uranium content is calculated by measuring the
attenuation of the 59.6 keV gamma ray emitted from the
americium as it passes through the gas volume. The 235U
content is calculated by counting the 185.7 keV gamma
ray emission from the U sample. An enrichment is then
calculated by comparing the two measurements.

The measurement also involves calibration of the
instrument by the use of standards, as well as correction
for radioactive deposition on the chamber walls.

The operation is supervised through an interactive
program between the inspector and a desk top computer
where each step of the operation relies on computer
prompts and typed responses. This ensures simplicity of
operation and guards against incorrect sequencing of
manual operations.

CONTACT
Dr J. W. Boldeman
Chief, Applied Physics Division
ANSTO
Private Mail Bag 1
Menai NSW 2234
Tel. (02) 543 3206

Apdas Lab. 5/87

a aivi&iim wf CfcnsE©
Private Mail Bag 1 MENAI NSW 2234
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18
OXYGEN
ANALYSIS

18O is the most abundant
stable isotope of oxygen after
16O with a natural abundance
of 0.204 atom % in atmos-
pheric sources, 0.200 atom %
in sea water and between
O.1889 and 0.2094 atom % in
other sources. Oxygen is an
important natural element; it
occurs as oxides in most
geological applications and is
important in the metabolism of
most living creatures. A
technique that can analyse
oxygen, jr one of its stable
isotopes, down to or below
naturally occurring levels, is
therefore most useful.

THE ANALYSIS
The 3D target manipulator

shown in Fig. 1 has been set
up to analyse 18O samples
using the 18O(p,a)15N reaction.
This reaction has a resonance,
in its cross section, at a proton
energy of 846 keV (see Fig. 2),
which is broad enough (47
keV) to produce sufficient
alpha particle yield to analyse
for 0.1 atom % 18O in just a
few minutes of accelerator
running time.

The cross section is angular
dependent and factors of two
in yield are obtained by going
to forward reaction angles.

Angles between 10° in, 10°
out and 50° in, 50° out are
optimal. This is shown in the
schematic of Fig. 3. The
absorber foil in front of the
detector allows the alpha
particles (4 MeV) through but
completely stops the scattered
protons (< 850 keV). Fig. 4
shows a typical alpha spectrum
obtained using this technique
for a 98 atom %, 18O enriched
Ta2O5 sample 0.23/j.m thick.
The solid curve is a computer
fit to the data and allows an
18O depth profile to be obtained
as well as its concentration.

FIG. 1
i

TYPES OF SAMPLES
The manipulator shown in Fig. 1 is under vacuum and

is currently capable of handling only solid targets from a
few millimetres to several centimetres in diameter.
Techniques have been developed to handle liquid
samples by converting them to solid targets using
standard anodising techniques on polished metal
surfaces. 18O enriched water samples as small as
150 /zLhave been successfully analysed in this way.

APPLICATIONS
This analysis is a surface technique and is limited in

depth to the range of 850 keV protons or 4 MeV alphas,
which is typically just a few micrometers.To date the main
application has been in following the metabolic rates of
small animals, such as lizards and magpies. These
animals are doped with known amounts of 18O enriched
water, allowed to run wild for a few days, caught and blood
samples taken. The blood samples are then converted
to solid targets and analysed. The 18O consumption
allows zoologists to assess the metabolic rates of these
animals.

Other obvious applications are possible, for instance
looking at oxidation processes on metal surfaces or
tracing oxygen movements in Si or other important semi-
conductor materials.



TYPICAL COSTS
AND AVAILABILITY

The cost to outside users of
the accelerator time and
technical support is subject to
negotiation.

This analysis facility can be
made available to Australian
tertiary institutions through the
Australian Institute of Nuclear
Science and Engineering
(AINSE) which supplies yearly
grants to these institutions to
use the Lucas Heights
facilities.
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