LABORATORIO: CNR-ISPC - XRAYLab

NAME OF THE INSTRUMENT

Mobile MA-XRF rotational scanner developed within the XRAY Lab

GENERAL DESCRIPTION:

Macro X-ray Fluorescence (MA-XRF) is a non-destructive analytical method based on the scanning of
the whole sample surface through an X-ray beam of size in the hundreds of micron range. The sample's
X-ray fluorescence radiation, induced by the primary beam, is recorded as a function of the position,
allowing the imagining of the detected (inorganic) chemical elements and their spatial distribution on the
sample's surface. Such information is of remarkable interest in the study of artworks and archeometric
materials. Up until now, the MA-XRF method has been applied only to flat surfaces (such as paintings,
typically), however many objects with complex geometry would also benefit from investigation with

this technique.

In this context, the laboratory XRAY Lab of ISPC has developed the first mobile scanner that allows MA-
XRF analysis of tridimensional objects. The method illustrated in this technical sheet for MOBAL access
exploits real-time mechatronics that simultaneously operates a linear scan of the spectroscopic head while
rotating the measured object. By positioning the tridimensional object on a rotational table (with a slow
step-by-step motion with resolution down to 0.001 deg) and by operating a continuous vertical scan of the
spectroscopic head (up to 100 mm/sec), full maps of the spectral spatial distributions are obtained,
unrolled to a plane. Combining rotational MA-XRF imaging with high resolution photogrammetry
method results in the reconstruction of the full 3D model of the measured object. MA-XRF and
photogrammetry data are processed together by a specifically tailored algorithm so to output a virtual
reconstruction of the elemental maps projected directly on the studied object. During the measurement, to
avoid accidental contacts, various dynamical correction system are in operation to maintain a constant
distance between the spectroscopic head and the studied part of the object. Security stops are
automatically enforced as an extra precaution in case this distance is reduced below the confidence limit.
The spectral distribution MA-XRF images are available in real time to the user already during the
measurements.

Practical guide for the choice of method of MA-XRF rotational scanning technique

Materials: all inorganic materials

Typical applications: paintings on any tridimensional medium

Sample positioning: vertical

Type of analysis: imaging, not-destructive, in-situ

Measuring times: 3 hours to cover 360 deg x 70cm, with resolution of 500 microns

Size of the foci in the measuring position: about 10 microns (at the energy of Mo)

Maximal spatial resolution: down to 50 microns

X-source characteristics and parameters: Rh anode, 50kV and 0.6 mA (30W power); Cr anode, 50 kV
0.6mA for high efficiency measurements of specific low atomic numbers of elements

Detection system: two elements SDD multi-detectors with 50mmz2 active area, operating in parallel.
Additional method available: micro-XRF, MA-XRF imaging, confocal XRF. For objects of small
dimensions, also XRD and Grazing-XRF

Analytical tools: elemental images are given in real time during the measurements, through deconvolution
of the XRF spectra per each pixel (in absence of artifacts); the analysis software allows to operate on-line:
image-processing, RGB elemental correlations, scatter plots of elemental correlations, statistical analyses
PCA ICA and NMF, analysis

in specific region of interest, maxima dispersion (to identify trace elements or localized inclusions).




Security: dynamical distance correction between the instrument and the analyzed object, automatic stop
enforced if this distance drops below the confidence limit.

TECHNICAL DESCRIPTION:
The mobile MA-XRF rotational scanner developed within the XRAYLab of CNR-ISPC is a mechatronic

system with real-time technology. The system comprises a spectroscopic head with a microfocus Rh
anode X-ray tube of 30W power coupled with polycapillary focalizing optics. A second X-ray tube with a
Cr anode can be switched in place of the Rh one for higher resolution in the acquisition of the distribution
of low atomic number chemical elements, with characteristic lines in the low energy range.

Furthermore, the combined use of the two X-ray source allows to discriminate the distribution of the
same element across different depth layers of the object, as the two sources have different penetration
depth. A typical example is the distinction between lead present in the preparation base layer versus that
used for shading contrasts. The X-ray fluorescence induced by the primary beam is detected in event
mode by a multi-detector system operating in parallel, that includes up to two SDD of 50 mm? active area
and energy resolution <130 meV at 5.9 KeV. The spectroscopic head is mounted on a 3-axis system
(XYZ) with span of 110x70x20 cm?, that allows to operate the scan in continuous mode aT high speed
(up to 100mm/sec) with residence time of up to 10 msec per pixel. The measured object is positioned on a
rotational stage with 360deg span and maximal resolution of 1 mdeg.

The system is equipped with a central CPU for the control of the measure operative parameters and
security systems. The CPU manages the scanning sequence; automatically regulates the parameters of the
source and detectors to avoid degradation of both the dead time and energy resolution of the recorded
XRF spectra of each pixel; manages a 750 frames/sec laser interferometer for the dynamical correction of
the distance between the object and the spectroscopic head so to avoid accidental contact; saves the scan
coordinates to allow resuming the analysis of the same position in case of prolonged pauses or system
arrest (such as overnight interruptions). Moreover, the CPU performs dynamical spectral analysis pixel
per pixel by applying an accurate fitting procedure that outputs elemental images in real time, without
artifacts. The scanning system is also equipped of a real-time image analysis software that can: correlate
images of different elements (RGB correlations), apply logical-mathematical operators, statistical analysis
(such as PCA, ICA, NNMF), generate scatter plot and export single XRF spectra from a selected image
area (ROI).
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Rotational MA-XRF analysis conducted on three-dimensional objects at the Archaeological Museum of
Athens.




Photogrammetry reconstruction of the 3D model of the rotational MA-XRF map of a Hellenistic object.
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