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Abstract
The development of an external PIXE facility on the 1 MV Tandetron accelerator at RMIT
has led to a wide range of research possibilities. A proton beam, generated inside a vacuum is
brought into air via an Au coated Kapton foil exit window (thickness 8um, diameter 0.35mm).
Monitoring of the beam intensity is achieved by detecting backscattered protons from the
inside Au coating on the window. Artefacts, which may be too large to be placed inside the
vacuum, are positioned in the beamline opposite the exit window. An optical system
consisting of a CCD camera, alignment laser and two mirrors allows viewing of a region of
the target 10mm x 10mm. This technique provides quantitative analysis of elements in the
pigments used in paintings and on ceramics, which is a valuable tool in art conservation and
authentication. Application of the technique to a ceramic sample from the historic house
'Viewbank' is described.

Introduction
In the study of artistic and historically significant artefacts procedures such as dating,
authentication and conservation can be made easier by the determination of elemental
composition. External beam PIXE (Proton Induced X-ray Emission) is an ideal analysis
technique for this application because it is usually non-destructive. The artefact remains
intact, does not need to be introduced into a vacuum and the ambient gas around the artefact
allows heat and charge conduction.. Analysis at any point on the surface of an artefact can be
achieved by positioning it in the path of an external proton beam. Elements in the irradiated
region of the artefact with an atomic weight greater than Al may be quantitatively determined.
The technique also has the advantage of being fast. Qualitative analysis is generally possible
after only seconds of exposure to the beam.
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Figure 1. External PEXE apparatus.
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There are four main requirements in order to achieve a working external PDflE facility. (1) A
source of protons. (2) A window between a region of high vacuum and atmospheric pressure
which allows transmission of protons. (3) An X-ray detector and data acquisition electronics.
(4) A means of mounting the artefact and aligning the target region. See the schematic in
Figure 1 for the current setup.

In the current work, the proton
beam is produced by the 1 MV
Tandetron accelerator at RMIT,
which provides a focused beam of
1.6MeV protons inside the
vacuum chamber. The transport
of the beam through the exit
window and air causes the energy
at the target to be reduced. The
simulation package TRIM [3] is
used to calculate the energy loss
of the protons through the
window and air. An 8um Kapton
foil coated with a 20nm Au layer
on both sides is used as the
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window between the vacuum Figure 2. Charge vsAu counts for foils 5, 6 and 7.
chamber and the atmosphere.
Monitoring of the transmission of protons through the window is achieved by backscatter
analysis of protons from the inner Au layer using an annular backscatter detector. The
exposure is normalised by counting the backscattered protons as the X-ray spectrum is

collected. For quantitative analysis, one
needs to know the overall charge to
which the sample has been exposed. It
is therefore necessary to relate the beam
intensity passing through the exit
window and hitting the target to the
count of backscattered protons. As the
thickness of the Au layer varies from
one window to another, a calibration is
necessary for each new window. A 99%
pure Ni standard is used as the target for
the window calibration. The Ni is
exposed to the beam for a range of Au
counts. Using the known composition of

Figure 3. Si(Li) X-ray detector efficiency. t h e N- s t a n d a r d ? t h e s o f t w a r e p a c k a g e

PIXAN [4] is used to calculate the beam intensity (figure 2). The lifetime of the windows was
found to be from 4 to 10 hours of irradiation. It was found that the lifetime of the window
increases with Au coating on both sides of the foil. This is ascribed to the Au inhibiting
surface diffusion as the beam passes through the window.

The X-ray detector used is a PGT Si(Li) X-ray detector of 30mm2 with a resolution of 150eV
at 5.9keV The efficiency of the detector is calibrated over the complete energy range being
considered using a calibrated 241Am source and known X-ray peak intensities [5]. (figure 3).
Artefacts are mounted behind an Alucabond sheet mounted on a positioning stage with
horizontal and vertical adjustments. The region of the artefact to be analysed is exposed to
the beam via a 40mm diameter hole in the Alucabond. Viewing of the target beamspot is
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achieved by an optical system consisting of two mirrors and a digital CCD camera. An image
of a 10mm x 10mm target area is obtained and can be saved digitally. As protons do not
cause fluorescence in all materials the exact position of the beamspot is aligned using a laser.
A removable mirror inside the vacuum chamber reflects the laser beam along the beamline.
The beamspot position shows up as a dot on the artefact, which allows the beam to be placed
accurately on the artefact using the positioning stage.
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Results
Artefacts studied were a number of
ceramic pottery fragments from Heritage
Victoria. Figure 4 shows X-ray spectra
from ceramic sample 8. Visual
inspection of the samples indicated that
they appeared to have a glaze over
different coloured patterns. Because the
ceramics were broken the ceramic
substrate was exposed at the edge. The
aim was to determine if in fact the glaze
was lead based and what elements were
used in the pigments in the patterns. The
elements present are P, Cl, K, Ca, Ti, Cr,
Mn, Fe, Co, Cu, Zn and Pb. The spectra
show the Pb L X-rays more prominently
from the glazed surfaces. Therefore we
conclude that the glaze is lead based. Al
and Ar also appear in all spectra however
must be disregarded. Al is used as the
filter for the detector and gives rise to
additional X-ray fluorescence at the
energy of the Al K series. The presence
of Ar in the atmosphere gives rise to an
Arpeak.

Analysis
Once the PIXE spectrum has been
collected qualitative analysis can be
made by recognition of the characteristic
X-ray peaks. Quantitative analysis of the
elements in the artefact was performed
using the analysis package PIXAN. The
analysis is broken up into two parts.
Firstly a curve is fitted to the spectrum
based on known X-ray energies. The
best fit is acquired by qualitatively
determining elements in the sample and
the corresponding electronic transitions,
Ka, Kp\ La, etc. Secondly a theoretical
yield (peak area / atomic percentage) for
each element is determined based on the
known efficiency of the X-ray detector F i § u r e 4" S P e c t r a f r o m c e r a m i c s a m P l e 8-
and the concentration of one or more major elements. The peak area divided by the yield
gives the atomic percentage in parts per million (PPM). The atomic percentage for the major
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elements should match the original value used to calculate the yield. An iterative procedure is
used to calculate the actual atomic percentage.

Figure 5 is a quantitative composition of the elements present in the sample, using peak areas
and yields generated by PIXAN. Due to the low efficiency of the detector at low energies the
uncertainty in the calculation
of the yield is high for
elements P, Cl and K. By
comparing the substrate with
the two glazed regions,
elements Ca, Mn, Co, Cu, Zn
and Pb feature more
prominently in the surface
material, glaze and/or
pigments. Elements Ti, Cr
and Fe are more prominent in
the substrate. The similarity
in atomic percentage of Ca,
Cu, Zn, and Pb between
white and black regions of
the glazed ceramic indicate
these elements are present in
the glaze. Differences in the
composition of the two
glazed surfaces indicate that
.. , . . Figure 5. Composition of the ceramic sample CS8
the proton beam penetrates ° F v

and allows analysis of a greater depth than the thickness of the glazing. Elements Mn, Co
and possibly Fe are present in the black pigment.
Conclusions
The design of the external PIXE facility at RMFT for the analysis of paintings and ceramics
has been described.

The application of the techniques to a ceramic sample from the historic house 'Viewbank' has
shown that the analysis is capable of discerning the key elements in the ceramic substrate,
glazing and pigments.
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