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1. Non-invasive analys
1.1. Methodology

Hiroximages
Some detailed images weraken with the Hirox digital microscope (#8A00).
MA-XRF

For the materiatechnical analyseXray fluorescenc€XRF) anags were performed. Despite a
number of limitations and drawbacks, mobile XRF has been successfully usegasttior the
identification of pigments in murals, manuscripts, etc.

XRF isn elemental analysis technique that makes it possible to identify the chemical elements
present within the irradiated zone, without taking into account the stratigraphy. The chemical
elements can thus be present both in the surface layer and / or in tigenlying layer(s) (this
depends on the nature of the chemical elements and the thickness of the layers).
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information and not molecular information. For example, whead is detected in a paint layer, this
may indicate the white pigment lead white PbCQ.Pb (OH), or the red lead red (minium)

[2PbO.Pbg), or the yellow massicot [PbQjr a mixture.

Light chemical elements are not detected and orgaoimpoundscannotbe identified.



This technique thus provides a general overview of the chemical elements present in theednaly
zone.

The XRF technique is based on the following principle: a primay ¢coming from the xay source
in the equipment) is aimed at th&rfacelayerto be analysedSecondary-xays, characteristic of
the chemical elements present, are generated. Due to the high energy of the incident primaay, X
secondary xays are generated not only in the surface layer but also in the underlyiag($y his
obviously complicates the interpretation of measurement results.

For the investigation adome of the metallireadsand the enamels on the lid of the bowe used a

new way of performing XRF analysesicroXRF (MAXRF, see figure WVith thistechnique, a

whole surface is scanned (not a point analysis) and the detected chemical elements are visualized in
distribution maps. Results can only be interpreted qualitatively (no quantification of results).

The MAXRF analyses are performed with #é Jetstream macrXRF instrument, developed by
the Bruker companyThe measurinfpead moves 1 to 2 cmbove the surface of the bdy means of
a motorized XY stag&he measuring head consists of a microfocuayd¢ube with Rrarget (30 W,
voltage 50 kVgurrent 600 pA).

Measurementavere taken witha beam diameter of 150 pni25 pum dstance between two
measurement point&and 40ms measurement time per poiifmetal treads) and 3tns

measurement time per poinenamels) The data were collected and examined with the software of
Bruker M6 Jetstreanisum spectrum and maximum pixel intensity spectrum)

Figure 1 MA-XRF equipment
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means that the element is abundant present and the different grey values correspond to
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1.2. Results
1.2.1. Metal threads



The two zones analysed by M¥RF are indicated in figure Bgetresults of the 2 scanningse
summarized in figure 3 and 4.
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Figure2: indication of the 2 zones analyzed by MRF (image before textile conservation, analyses after
textile conservation)
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Figure3: composed image (M6 camera) of the analyzed area 1 with distribution map of c@@perinc(Zn)

iron (Fe)and lead(Pb) and detailed image (M6 came(&pm left to right)



Figure4: composed imagand detailed imagéM6 camera) of the analyzed ar2avith distribution map of
copper(Cu) zinc(Zn) iron (Fe)and lead Pb)



On the inside of the box, metal threads are present, either as thread wrapped around a textile
thread, either as flalamella.

The wrapped metal thread is clearly composed of copper (Cu) and zinc (Zn), indicating the alloy
brass.

The flat lamella is composed of copper with very minor amounts of zinc (almost not visible in the
distribution maps of figure 3 or 4).
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Figure5: XRF spectrum of the wrapped metal thread (top) and of the flat lamella (bottom)

Thedifferent copper/zinc ratio for the wrapped thread and the flat lamella is also reflected in a color
difference as shown by the Hirox images in figure 6 andhig.cblor difference (and hence a
composition difference?) is not observed everywhere (see figure 8).

The distribution plot of copper and zinc in figure 3 show also very clearly the presence of a brass nalil

head (see orange rectangle in figure 3 and figlrehe distribution plot of iron corresponds to the

presence of iron nails (see red rectangles in figure 3 and figure 6).
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visible.



Figure6: Hirox imaye showing some of the metal threads inside the box (different color for the wrapped
thread or the flat lamella) and an iron nail head

Figure7: Hirox image showing some of the metal threads inside the box (different color for the wrapped
thread or the fat lamella) and a nail head in brass



Figure8: Hiroximage showing some of the metal threads inside the box (no clear color difference between the

wrapped thread or the flat lamella).



1.2.2. Enamel medallios

Results are presented as distribution maps of the diffedtected chemical elements per analysed

enanel (see figure 9 for the enamel numberinBecausdight chemical elements are not detected
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terms of the added metal oxides.

The following abbreviation®r chemical elements are used:

As: arsenic
Au: gold

Ca: calcium
Co: cobalt
Cu: copper
Fe: iron

Hg: mercury
Mn: manganese
Pb: lead

Sh: antimony
Sn: tin

Zn: zinc

Figure9: analyzed enameled medallions
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FigurelO: MA-XRF analysis resultsrokdallion 1

1 The following Xay lines are used to draw the map$: lies of Ca, Mn, Fe, Co, Cu, Zn, Sn,'Sinds of Hg, Au, Pbj Kine of As



Sn As
Figurell: MA-XRF analysis resultsragdallion 2




Sn As
Figurel2 MA-XRF analysis resultsragdallion 3




Sn Fe Sb
Figurel3 MA-XRF analysis resultsragdallion 4




Sn Fe As
Figurel4: MA-XRF analysis resultsragdallion 5




Sn Fe Sb
Figurel5: MA-XRF analysis resultsragdallion 6




Sn As
Figurel6: MA-XRF analysis resultsrokdallion 7




Medallion 8
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Figurel7: MA-XRF analysis resultsragdallion 8




Medallion 9
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Figurel8 MA-XRF analysis resultsragdallion 9




Champlevés anenamelingtechnique in which, depending on the design of the décor, cavities are
made in the metal support and filled witlitreous enamelThe piece is then fired until the enamel
fuses, and when cooled the surface of the object is polished. The uncarved portions of the original
surface remain visible as a frame for the enamel designs, typically thgilded

Enamel is a mixture of silica, lead, potash and soda. By melting these different components at high
temperature, after grinding, a colorless powder is obtained, called a "fluis'""flix" is colored by

adding metal oxides. This mixture is deposited on a metal support. The art of the enameller consists
in fixing the enamel powder on its metal support by successive short fires of the order of 800
degrees

The metal support

The metal support is a gilded copper plate (figare 19 andmaps ofgold (Au)andcopper CU in
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amalgam ofGoldwith Mercuryis applied to a metal, such aspperor silver, then the metal is

heated to flash volatilize the mercury and deposit a thin layer of) gstfigure 19 andmaps of

mercury Hg in figuresl0-18).

Figure D: false color images; left: distribution of copper (in yellow) and gold (infoedpedallion 2;
right: distribution of gold (in yellow) and mercury (in red) for medallion 8

The presence of a thin gold layer is less evidenced on some parts of some medallions, probably as a
result of wear (see figur0).
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https://en.wikipedia.org/wiki/Enamelling
https://en.wikipedia.org/wiki/Vitreous_enamel
https://en.wikipedia.org/wiki/Gilded
http://cameo.mfa.org/wiki/Gold
http://cameo.mfa.org/wiki/Mercury
http://cameo.mfa.org/wiki/Copper
http://cameo.mfa.org/wiki/Silver

