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Multi-technique approach

Elemental mapping and imaging
Micro-XRF scanning SEM-EDX Micro computer tomography (CT)

X-Rays ‘ Electrons
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Macroscopic elemental
mapping

Density-sensitive 3D
reconstruction

Sub-um features
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Glazed oil lamp fragment

Hypothesis of structure

: . 1. Metal-bearing layer (100s of um)

2 — 2. Glass layer (100s of um)

3 3. Ceramic bulk

How can we characterise Roman age glazing technology?

1. Micro-XRF 2. SEM-EDX 3. Differential PIXE 4. Micro-CT 5. Micro-Raman
mﬁﬂl mf’ ﬂl www»ﬂl ""WW‘"ﬂl <MMM‘-|II
_ >
Which elements are Is there any sub-pm Wh'?h 'S th.e Which is the Ios.there any
present? How are feature in elemental stratigraphic thickness of the opacifier, colorant or
they distributed? distribution? alsitlouion of e layers? SlsgEeEron

mapped elements? product?
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Glazed oil lamp fragment — micro-XRF

Cu - Ka .
In-air micro-XRF scanning @ @ §p€
- X-Ray Lab (Catania)
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Glazed oil lamp fragment — micro-XRF

Cu - Ka Pb - La .
In-air micro-XRF scanning @ @ §pC
- X-Ray Lab (Catania)

Cu present where glass
Is intact

Anticorrelation between
Cu and Pb

Is Cu a chromophore?
- - |s Cu on surface?

4

F.P. Romano et al., Anal. Chem., 88:22 (2016)
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Glazed oil lamp fragment — SEM-EDX
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SEM-EDX performed @MNanoLab with a Zeiss Supra 40 field-emission SEM coupled with EDX on whole object
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Glazed oil lamp fragment — SEM-EDX

SEM (secondary electrons) Pb — Ma Cu-La
~= "Gk /3 ¥ W ;

4x10*

10!

10°

Counts [arb. units]
Counts [arb. units]
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SEM-EDX performed @MNanoLab with a Zeiss Supra 40 field-emission SEM coupled with EDX on whole object

Pb and Cu present in the surface

: Pb more intense on fractures Cu less homogeneous than Pb
(low energy lines)
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Glazed oil lamp fragment — differential PIXE

A \\ith:
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Increasing particle range
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Glazed oil lamp fragment — differential PIXE

0.07 - Cu/Pb
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concentration decreasing with
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Glazed oil lamp fragment — differential PIXE

I Irradiation

0.07 A Cu/Pb
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PIXE spectrum analysis with GUPIX considering the material as homogeneous:
Estimated Cu and Sn over Pb
concentration decreasing with

Presence of Cu and Sn on top of
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the lead containing surface

-
mvirgredl European X-Ray Spectrometry Conterence 2026  Kevin Ambrogioni

M.A. Respaldiza et al., Nucl. Instrum. Methods Phys. Res. B,
266:10 (2008)

6



Glazed oil lamp fragment — differential PIXE

Irradiation

Estimated Cu and Sn over Pb

concentration decreasing with
particle range

PIXE spectrum analysis with GUPIX considering the material as homogeneous:

M.A. Respaldiza et al., Nucl. Instrum. Methods Phys. Res. B,
266:10 (2008)

Presence of Cu and Sn on top of
the lead containing surface

0.07 A Cu/Pb
of object in Sn/Pb
W_ vacuum @ ==A yith: 0.06 1
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9
@ Q Q @ = .
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How thick is the metal layer?
Are we analysing glass only?
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Glazed oil lamp fragment — micro-CT

Phase reconstruction of glass Metal-bearing layer thickness plot

98.75 12500  151.25

X-ray micro-CT performed @: e with a Tescan UniTOM HR operated at 160 kV with 1-mm-Cu filtering
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Glazed oil lamp fragment — micro-CT

Phase reconstruction of glass Metal-bearing layer thickness plot

98.75 125.00 151.256 177:50 N 203.75

X-ray micro-CT performed @: #2542 with a Tescan UniTOM HR operated at 160 kV with 1-mm-Cu filtering
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Glazed oil lamp fragment — Protocol results
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Glazed oil lamp fragment — Protocol results

Connected to glazing production techniques
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Glazed oil lamp fragment — Protocol results

Connected to glazing production techniques
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Ceramic pot fragments

Hypotised structure from preliminary analysis

1
- 1. Metal diffusion layer
(100s of nm)
2 2. Ceramic bulk
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Ceramic pot fragments

Hypotised structure from preliminary analysis

1
_ 1. Metal diffusion Iayer
(100s of nm)
2 2. Ceramic bulk
Which was the technological use of
e these ceramic artifacts?
1. PIXE 2. RBS 3. Laser-based PIXE
Which elements can s there any sub-pm el i |se noln-
be related to elemental diffusion convfentLongt
technological uses? feature? Sourees rorneritage

science?
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Ceramic pot fragments — PIXE

.

‘ Protons

R W
W’|I \ 3 MeV

PIXE performed in vacuum
pl!

a8

- il
D

')
=
£
o
=

11

Ray Spectrometry Conterence 2026  Kevin Ambrogioni

M.A. Respaldiza et al., Nucl. Instrum. Methods Phys. Res. B,
266:10 (2008)



18/06/2026

Ceramic pot fragments — PIXE
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Ceramic pot fragments - laser-based PIXE
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Ceramic pot fragments - laser-based PIXE
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PyMca modified workflow for PIXE
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