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Le projet CROWN (2022-2025)

https://www.projekt-reichskrone.at/en/

CROWN.

A research project on the materiality,
technology and state of preservation
of the Imperial Crown in Vienna.

About the
project

From 2022 to 2024, interested persons were able to use
this website to access information about our research
project on the Imperial crown in Vienna, find out more
about research interests and methods, to stay abreast of
research developments and first findings. This site also
listed and thanked the many institutions and persons
without whose support (in terms of funding,
organization, and/or concept) this interdisciplinary
project could not have been realized.
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Boite-reliure de Maastricht (MR349) from Louvre, Paris

A collaborative study within the CROWN project

©OQllivier, Louvre
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« Compare the enamels’ composition with that of the
Crown and other objects of the corpus
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Research objectives DE FRANCE

« Compare the enamels’ composition with that of the
Crown and other objects of the corpus

« Compare the composition of cloisonné enamels
from the four corner medallions: en plein (eagle,
lion) vs. enfoncés (angel, ox)
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Research objectives DE FRANCE

« Compare the enamels’ composition with that of the
Crown and other objects of the corpus

« Compare the composition of cloisonné enamels
from the four corner medallions: en plein (eagle,
lion) vs. enfoncés (angel, ox)

* Analyze the enamels used in the inscription

©OQllivier, Louvre
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Research objectives DE FRANCE

« Compare the enamels’ composition with that of the
Crown and other objects of the corpus

« Compare the composition of cloisonné enamels
from the four corner medallions: en plein (eagle,
lion) vs. enfoncés (angel, ox)

* Analyze the enamels used in the inscription

* Determine the gold fineness in different parts

* ldentify original gemstones

©OQllivier, Louvre
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Analytical methodology DEFRACE

Completed analyses 2023-2024
= Imaging (light, UV)
= X-ray radiography
= Hyperspectral imaging
»=  Optical microscopy of enamels (HIROX)
»  Chemistry
> PIXE/PIGE (metal, enamels)
> XRF (metal, nielles, enamels, gemstones)
» Wood analysis

> ldentification : elm tree
» Dendrochronology

©OQllivier, Louvre
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Analytical nomenclature DELMVAEE

Adapted from ©C2RMF, Maigret
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Support developed by the Louvre ‘s mounting department DETRACE

©Meunier, Louvre 2023.
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DEMUAEES
Visible and UV imaging DE FRAVCE

Florian Meunier Anne Maigret, Anne Maigret,
August 29, 2023 August 29, 2023 August 29, 2023
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Boite-reliure de Maastr

Visible and UV imaging

UV imaging

©Maigret, C2RMF

Louvre

©O0llivier,
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UV imaging - gemstones DETRAGE
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©Maigret, C2RMF | - ~ ©Maigret, C2RMF

Luminescence of all the pearls and some gemstones
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UV imaging - enamels DA
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Slight fluorescence of whitish opaque enamels
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X-ray radiography of metalwork DETRAGE

Elsa Lambert
August 31, 2023
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X-ray radiography of metalwork DETRAGE

©O0llivier ©Lambert, C2RMF
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Boite-reliure de Maastricht (MR349) from Louvre, Paris

X-ray rad
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Hyperspectral imaging - exploring the finer details DERACE

HTML viewer:

https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349.html

5 X
Mu Louvre
Hyperspectral 400-1000nm
Hyspex VNIR1600

Hyperspectral image acquisition using a HySpex
VNIR1600 (2023)
Final spectral image size: 5.4 GB


https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349.html

Boite-reliure de Maastricht (MR349) from Louvre, Paris

Hyperspectral imaging - exploring the finer details

Hy spectral 400-1000
Hyspex VNIR1600
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HIROX imaging - zooming into the enamel work DEAGE
In collaboration with HIROX company

HTML viewer:

https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html

vre
Hirox Digital Microscope
52202 x 55082 pixels

Vincent Sabatier, Hervé Le Golvan (HIROX)
Dominique Robcis
September 19-20, 2023


https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html
https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html
https://merovingio.c2rmf.cnrs.fr/iipimage/iipmooviewer/MR349-Hirox.html
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Chemistry analysis (AGLAE) DE M

Experimental procedure

AGLAE : Accélérateur Grand Louvre d’Analyse Elémentaire

lon beam analyses : quantitative elementary chemistry

Metal : two runs (5 and 8 september 2023)
18 points including standards

Enamels : two runs (14 and 15 september 2023)
173 points including standards
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Chemistry analysis (AGLAE)

Metal

Gilded silver inscription

ST L SCLERANGLOL J
=

o
B

Au Ag Cu
/(ngel cloisons(thin and thick) 93/ 4%/ 1,04
AnWallion /Z,é 4,35 0,62
S{nall triangular medallion 98,5 0,96 0,13
Enameled inscription }9,{ 20,9 9,24
Lion cloison (border) 94,6 4,20 0,77
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Two types of gold alloys
93-95% and 99%
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Chemistry analysis (AGLAE)

Enamels
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Couleur

bleu foncé translucide

Médaillon

ange

lion

taureau aigle bandeau droite bandeau gauche

Localisation précise manche nimbe  aile téte M2 M3
Elements majeurs (%mo)

Naz20 3,89 4,06 3,82 3,90 3,80 4,07
MgOo 0,40 0,43 0,42 0,42 0,45 0,55
Al203 2,90 2,96 2,67 2,54 2,83 3,07
SiO2 78,0 77,5 78,2 78,3 75,3 75,7
P20s 0,15 0,35 0,33 0,41 0,35 0,11

SOs3 0,51 0,46 0,50 0,50 0,70 0,59

cl 1,16 1,19 1,23 1,21 0,86 1,07

K20 0,93 0,95 0,96 0,89 0,99 1,15

Cao 7,74 7,87 7,96 7,98 8,56 7,76

TiO2 0,09 0,09 0,09 0,09 0,10 0,14
MnO 0,88 1,02 1,10 1,08 0,38 0,71
Fe203 1,77 1,88 1,74 1,65 1,06 1,35
CoO 0,292 0,286 0,229 0,220 0,103 0,147

CuO 0,401 0,429 0,367 0,337 0,183 0,535
Ag20 0,011 0,013 0,149 0,015 0,069 0,078
SnO2 0,029 0,030 0,028 - 0,041 0,056
Sb20s 0,627 0,407 - 0,269 3,01 2,11
BaO 0,039 0,028 0,032 0,040 0,028 0,017
Au203 0,024 0,010 0,035 0,024 0,045 0,046
PbO 0,010 0,022 0,016 0,034 1,04 0,64

Traces (%mo)

HgO - 0,001 0,001 0,001 0,002 0,001
Bi203 0,00 0,00 - 0,00 - 0,00
V203 0,003 0,002 0,118 0,012 0,000 0,003
Cr203 0,006 0,003 0,004 0,002 0,003 0,003
NiO 0,010 0,010 0,008 0,007 0,005 0,007

ZnO 0,013 0,013 0,014 0,014 0,008 0,014



Enamels

Chemistry analysis (AGLAE)

Boite-reliure de Maastricht (MR349) from Louvre, Paris

Colour Type of glass Fusing agent Colouring agent | Opacifier

Blue Soda lime Natron Co, Cu Sb, Pb

Green Soda lime Plant ashes Cu -

Red, purple Soda lime Both Mn, Cu Sb, Pb

White Soda lime Both Sb Sb, Ca
Soda lime Natron Sb, Pb Sb, Pb

Dark brown Mix alkali Wood ashes Fe Sn, Pb

Presence of both natron- and plant ash-based glasses
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Chemistry analysis (AGLAE)

Enamels

©O0llivier, Louvre
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No specific chemical difference between the four corners
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Chemistry analysis - points (XRF ELIO) and maps (XRF ISTAR/MITHRA) i

<\ "
86 points on metal, angel medallion %

niellos, gemstones, &
€énamels

Eric Laval, Thomas Calligaro Florian Meunier (Louvre)
September 6, 2023 November 21, 2023
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Chemistry analysis - points (XRF ELIO) - enamels {EEE%;W

data still under processing
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Chemistry analysis - points (XRF ELIO) - original gemstones R
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ISTAR : Instrument simple et transportable pour analyse des rayons X
Prototype developed at C2RMF in 2016

Source : Rhodium 40 kV 0.3 mA
Polycapillary lens

Step size 100 pm

Dwell time: 90 ms

Pixel size = 0,1 mm

Taille de la carto 52x52 mm (520x520 pixels)

Glass matrix

mm




=Co

= Cu / Blue

Paris

Mn § Green

Red =

Glass colouring agents

L -
Py o e o TP —

Q
| -
>
-
@)
-]
o
| -
-
~—~
o~
~J
o
a
p3
N
il
i e
S
|
il
n
{9
O
p3
Q
©
Q
|
3
d
|
1
Q
il
Py
@)
o




Boite-reliure de Maastricht (MR349) du Louvre, Paris Ig@ﬁ’&;@gf

RESTAVRATION
DES MVSEES
DE FRANCE

Glass opacifiers

https://merovingio.c2rmf.cnrs.fr/iipimage/xrf/MR349.html
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Boite-reliure de Maastricht (MR349) du Louvre, Paris
Cartographie chimique et imagerie de réflectance UV-VIS-NIR (XRF MITHRA)

Exemple : spectres UV-VIS obtenus sur l'ange
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Traitement statistique des données a faire pour coupler couleur et chimie
- Comparaison des différents medaillons
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Cartographie chimique et imagerie de réflectance UV-VIS-NIR (XRF MITHRA) i

Spectre NIR (infrarouge) obtenu sur l'ange - marqueur de laltération du verre ?

— live
035 4 //AN_\/\‘
. 1915
v 1388
0251
0.2 1

015 4
0.1 1
0.05 4
D 4
T T T T T T T T T
1200 1350 1500 1650 1800 1250 2100 2250 2400
Wavelength (nm)
& :2: TABLE 2 Peak assignmentls for observed vibralional modes
09k ;: related lo H,O in NIR-SWIR FORS speclra'“
g 0.8} Position (nm)  Assignment Notes
c
807 1410 2on ~OH Overtone
=
& oe 1470 2u9 + 1 H,0 Overtone/combination
' 1910 v+ s H,0 bound to silicate matrix
%8 1940-1960 o+ vy Water-like, H-bonded H,0 in
0.4k voids or on surface
1000 1200 1400 1600 1800 2000 2200 2400 2220 &+ vy Isolated Si—OH in matrix
Wavelength (nm)
2280 &+ vpy Geminal Si—-OH groups with
FIGURE 2 NIR-SWIR FORS spectra of model potash glass H-bondi
Flute-0.5. Samples were aged at 90°C and 90%RH for 0, 1, 2, 3, and g 1L
7d

Zaleski et al., 2019
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¢ Florian Meunier, « Romanesque decorative arts in a pars o7 av 205
European and international perspective: the case of the B
Louvre collections », in L’art roman au XXle siecle, Rapport 54719
Poitiers symposium proceedings, Rennes, Presses e e
universitaires de Rennes, 2025. PRon i o
* Marie Godet, « Material study of the book cover The A
crucifixion and the four evangelists », C2RMF analysis
reportno. 54719, 2025.
- https://c2rmf.fr/actualites
e Marie Godet, “The Maastricht book cover: scientific =
investigation of an 11th-century treasure”, web article, T me e
C2RMF, 2025. * ks Sodes o wore
https://c2rmf.fr/actualite/la-reliure-de-maastricht- La reliure de Maastricht : enquéte ‘E.me
enquete-scientifigue-sur-un-tresor-du-xie-siecle scientifique sur un trésor du Xle siécle 2 Sk Uk, e 20
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myth, mystery, symbol of power”, directed by Klaus T.
Steindl, EPO-Film, ORF/ARTE G.E.I.E., 2024.

Létude de |a boiterelure ottonienne de Msastricht (- mv. ce sur lanalyse des & ol & sur or * Florian Meunier, conservatour
s & d'angle. L'objectif était do déterminer s les émaux « an plain a (igle at lion) et los émau « en chef, Département des
enfoncés » (ange t taureau), bien que & différents, prezentent cu nen dez vanatens de . Objets d'Art, Musée du Louvre

chimique. En parallile, Fétude a également porté sur d'autres matiriaux constitutifs de Fobjet : les alfages d'or utiksés, les + Fabienne Dalfava,

gemmes ot le bois du support. restauratrice metal
- n mew i


https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualite/la-reliure-de-maastricht-enquete-scientifique-sur-un-tresor-du-xie-siecle
https://c2rmf.fr/actualites

~

o
< Merci pour votre attention ! Des
// N questions ?

o P,




	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29
	Diapositive 30
	Diapositive 31
	Diapositive 32
	Diapositive 33
	Diapositive 34
	Diapositive 35
	Diapositive 36
	Diapositive 37
	Diapositive 38

