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Inhomogeneous samples

When samples are not homogeneous, two different situations are possible

The sample cannot be 

pulverized properly

Use a beam wide enough to 

average over inhomogeneities

The sample should not be pulverized 

(e.g. cultural heritage) or the interest 

is related to the distribution of  

elements in the sample (e.g. 

absorption of elements in tissues)

Use a beam small enough to 

discriminate among the 

different distribution 

volumes of the elements



Getting information on elements’ distribution

When using a beam of small dimensions to irradiate a smaller area in the sample, it is 

very useful to have the possibility of irradiating different part of the sample to see 

variations in the distribution of the elements

- Ion beam, electron beam

- XRF scanner (incl. Micro-XRF)

Move the beam

- Micro-XRF

- Confocal-XRF

Move the sample



To achieve a small beam size, the easiest solution is to use a collimation pinhole, 

but this drastically reduce the intensity of the beam on the sample

How to obtain a small beam: collimation

X-ray source

Collimator/pinhole

Incident X-rays



Polycapillary lenses

A different approach is the use of polycapillary lenses, bundles of many small glass pipes through 

which the X-rays are guided thanks to the total reflection on the internal walls of the pipes

This geometrical arrangement of the capillaries allows transmitting a much higher (orders of 

magnitude higher) fraction of the original beam to the sample, than that obtained with a pinhole 

collimator

X-ray source Incident X-rays

Capillary lens

Spot size ~  15÷20 μm             Gain in intensity: 300x

The capillaries are bend in a way that one of the ends of each capillary is pointing to the X-ray 

source and the other end is pointing to the end focus spot to which the radiation is transported to
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X-ray optics
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Multiple reflections in a  
straight glass capillary

Focusing X-rays by thousands 
of individual capillaries

Glass capillaries



Glass capillaries

The dimension of the beam depends on the energy of the primary X-rays, because the critical 
angle for total reflection that the x-rays undergo in the inner walls of the capillary depends on 
the energy of the x-ray

For the straight capillaries in the centre of the polycapillary arrangement, most photos are 
hitting the walls under a small angle, and therefore, photons with energies up to a higher value 
are totally reflected

For the outer capillaries, the angle of incidence is larger, and therefore, only smaller energies 
are totally reflected



• Spot size – FWHM (E)
• Gain Factor – G(E)
• Focal distance

F. P. Romano et al.,  JAAS 2017, DOI: 10.1039/c6ja00439c

Polycapillary lenses



Bundles of thousands glass mono-capillaries in 
certain arrangements can be used for:

• Directing

• Focusing

• Parallelizing 

Polycapillary lenses



In a typical set-up, the sample is positioned at 45° with respect to the primary beam and it can 

be moved in this plane to perform a 2-dimensions scan of the sample.

X-ray from the sample can be collected and related to the position of the sample, allowing 

creating elemental maps. This technique is called micro-XRF.

Micro-XRF



By moving the sample also in the direction perpendicular to the plane of the 2D scans 

(z axis) we can analyse the sample at different depths, allowing us to obtain information 

on element distributions in this direction. This technique is called confocal-XRF.

Confocal-XRF

Installing a half-polycapillary lens in 

front of the detector, only the X-rays 

that can be collected by the lens will 

be detected.

By proper alignment, we can 

achieve the situation where the 

volume irradiated and the one 

detected are crossing on a small 

volume: so only the X-ray produced 

in this volume will be detected.



In our system we obtain a beam size of around 

25 microns.

After the focus plane, the beam will spread 

again, therefore it is crucial to place the sample 

on this plane, which is located a few millimetres 

from the end of the lens.

Scans of metal wires

Cu wires W wires



voxels with a size of 25 x 15 x 15 (x, y, z) 
micrometers is scanned

Scan of U particle



Typically, these techniques are qualitative or semi-quantitative

Even if theoretical models have been developed, the nature of the 

sample hampers the possibility of obtaining a full quantitative analysis.

Quantification capabilities
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The set-up at NSIL
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① X-ray tube ② PC lens ③micro-XRF detector ④ Confocal-XRF detector ⑤ Half-PC lens ⑥ optical microscope ⑦ Sample stage



The set-up at NSIL – safety system

Open set-up

Safety system: 

physical barrier to 

avoid moving close to 

the X-ray beam when 

the shutter is open



Applications



Study on the Sasanian Coins under the Reign of Khusro II (591-628 AD) 

Micro-XRF of the cross-section

The whole cross-section,

approximately 18 mm × 0.5 mm, 

could be scanned

Mercury and lead were found in specific 

spots or areas in the edges of the cross-

section (averse and reverse surfaces of the 

coin), but not to be uniformly distributed 

over the whole length of the edges

It was decided to make large 2D maps of both 

surfaces of the coin, trying to find the overall 

distribution of elements over the surface

40 Sasanian silver coins from the Coin Collection of the Kunsthistorisches Museum Vienna and 188 coins 

acquired at the free coin market



Investigation of surface alteration

Ag Cu

Pb Hg

Pb can be found mostly in the ‘valleys’ between the relief 

decorations (obviously in accordance with the light grey areas 

visible on the surface), whereas the highest values of Hg are 

in the edges and slopes of the relief ornaments



Line scans

The scans were performed with 1 μm steps, starting from approximately 50 μm below 

the surface and with a total travel path of 100 μm

The Pb layer can be found on top of the Hg layer that lies on top of the Ag/Cu core of the coin



2D and 3D maps on cross section

Simultaneous 2D and 3D confocal scans 

were made in one of the cross-section 

areas exhibiting higher contents of 

mercury and lead (spot no. 5)

20 μm steps in x- and y-

displacement direction 

and with 10 μm steps in z-

displacement direction 

(depth). The inspected 

volume size was 1800 ×

600 × 100 μm

Ag

Cu

Pb

Hg

FL CF



3D map of a big volume

50 μm for x and y displacement and with 10 μm for the depth. 

The inspected volume was 7000 × 2500 × 150 μm (x,y,z)



Elemental distribution in plants

Plants can uptake different heavy element 

present in water through absorption

Measurements were performed to find out the 

parts of the plant (roots, stem, leaves) where 

those elements are accumulated

Plants can be used as markers for toxic 

elements



3D-Micro XRF analyses were performed in five painted plaster fragments. 

Single or composite painted layers with various combinations of blue, 

green, red and white pigments were examined.

There is a clear evidence for the association of both Pb and As in the Fe-ochre rich layer

Optical image of Cor43b with scanned region 

dimensions: 120 μm x 1440 μm x 293 μm, xyz; 

scanning spacing: 40 μm x 40 μm x 3μm

Volumetric reconstruction of 3D spatial 

distribution of Cu-Kα (Egyptian Blue), Fe-Kα 

(Red Ochre), Ca-Kα (Egyptian Blue, Ground), 

Pb-Lβ and As-Kβ characteristic peak Intensities

Translation in z-axis of

the elemental distribution patterns.

Image from optical microscope of 

Cor43b (blue on red on white ground)

Wall-paintings fragments from the Roman Corinth (Greece)



Fine-tuned 3D Micro-XRF scans of selected regions of sample Cor43b. The volumetric reconstruction refers to a red (1) and 
blue (2) rich micro-volume
Scanned region dimensions: 56 μm/55 μm/55μm, scanning spacing 5.6 μm/5.5 μm/5μm. The results of the more detailed 
reconstruction further confirm not only the association of Pb and As with the red paint layer but also the co-existence of Pb 
and As (most likely included in the same compound or mineral)

Fine-tuned 3D Micro-XRF scans
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