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Study case

* Manuscript on vellum, black and red ink, illuminations and several incipit letters highlighted:
* Rare example of prayer book with prayers in the female form

* made in 1535-1540 for Louise de Bourbon-Vendome, Abbess of Fontevraud
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Study case

* Manuscript on vellum, black and red ink, illuminations and several incipit letters highlighted:
* Rare example of prayer book with prayers in the female form
* made in 1535-1540 for Louise de Bourbon-Vendome, Abbess of Fontevraud

e 1558-1561 donated to her grand-niece, Mary Stuart
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Study case: Mary Stuart’s prayer book —
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* Rebound in the late 18%/early 19t century
* several changes introduced in the book struture

* book could no longer be opened to more than ~30°
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Study case: Mary Stuart’s prayer book

* Rebound in the late 18%/early 19t century
* several changes introduced in the book struture

* book could no longer be opened to more than ~30
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the spine structure necessary before
physically operating on the book

3.
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= non-invasive inspection of the state of




Motivations
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Non-invasive inspection of the condition of the book binding:

1. Visual assessment of the book:
* estimate the structure and the sewing

* overcast sewing was too tight to estimate the
condition/status of the spine

--> crucial information for planning the conservation
work is missing!

2. Non-invasive scientific analysis to verify the information
assessed visually to

* gain deeper insight into the structure of the book
spine

* understand the binding structure and its history

Ultimate goal:
provide guidance for the conservation work




Computed tomography: principles

Etymology:
Greek Tomo (=slice) + graphein (=write or record)

Radiographic technique that selects a level in the
object & blurs out structures below and above
that plane

= clear image of the selected layer
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Computed tomography: principles

CT image: matrix of numbers

/7 pixel: picture element

voxel: each pixel represents
a small 3D volume

2D array of pixels in the CT image
correspond to the same number of
3D voxels




Computed tomography: principles

» Signal intensity in each pixel mirrors the material’s chemical composition and the thickness
of the material the X-rays went through
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Computed tomography: principles

» Q: What is measured?
A: X-ray intensity (absorption) for each pixel

Chemical composition
i & X-ray energy
IO | Thickness of the
material

» |f more materials are present, the signal’s absorption is given by the cumulative effect of
interaction with each material

I/1y = e™#1%

X-rays

I/IO — e—(ul-x/2+u2-x/2)
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Computed tomography: principles

» Each pixel on the CT image shows the average x-ray attenuation properties of the material in the

corresponding voxel:

o ke = No interaction

Q
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Incident Compton scattering
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J. Nucl. Med. Technol. March 1, 2005 vol. 33 no. 1 3-18
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Computed tomography: principles

» attenuation depends on the density & atomic number (Z) of the materials and on the energy of the X-rays
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High-Z elements

(Fe, Hg, Au, Pb, ...)
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Computed tomography: resolution

Resolution = combination of different factors

- X-ray spot size (S) [focused X-ray spot from the source]
= main limitation factor of the achievable resolution
(if X-ray spot size becomes larger than the chosen voxel size,

the spacial resolution becomes poorer)

- detector size and pixels (d)

- geometrical magnification (M)

__SDD

~ soD

Large spot size

g

Small spot size

R=S+s(1-2)

Sample positioned close to the source
= significant magnification

Sample positioned close to the detector
= minimal magnification

focal
spot

magnified pixel

rotation
axis

detector
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Computed tomography: detection of X-rays

* Detector:
* scintillating material transforms photons into visible light

* light then strikes a photodiode, causing an electron flow within
the diode matrix that is subsequently quantified.

* Compact micro-CT scanners

* Use CCDs or small area CMOS image sensors (pixel pitch 5-10 um)

X-ray photon

& scintillator
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Computed tomography: principles

detector

/)

X-ray source

detector
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Computed tomography: image reconstruction

 Computed tomography

reconstruct n dimension function (image)
- itis @ multi-dim inverse problem

- uses inverse Radon transform to reconstruct the 3D image of an unknown object
by using several 2D projections thoroughout the object (sinogram)

- mathematical basis of the Radon transform and tomographic imaging were
developed in 1917 by Johann Radon
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Simulations: mock-up sampler book

Expected structure of the bookbinding according to the knowledge of historical techniques and methods
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Simulations: mock-up sampler book

Sampler built in which
various binding and stitching

Regular sewing technique

techniques are used

= verify that different
structures can be identified
in micro-CT
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micro-CT HV: 100 kV

P: 10 W

I: 101 pA
Voxel: 45 pm
detector

support table
Micro XCT-400 xRadia scanner

WYDzIAL INZ. MATERIALOWEJ, POLITECHNIKA WARSZAWSKA, WARSZAWA

¥ Rotating sample
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canvas lining

shallow cut-ins

deep cut-ins

| intact section

"wb" spines
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1] destroyed

hy section
spines

YZ projection
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XZ projection
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Vellum cover

Sewing band

Red silk thread

XZ projection
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35 muy 23 mm

35 mm

24 mw

XZ projection

Incision distance

= determined trimmed off
top and bottom edges

Side edge also likely trimmed

Current size: 11.7cm x 7 cm
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XY projection

PAS)



XY projection
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XY projection

£dl
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YZ projection

Reg@onstructed
spihes
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loops of the reconstructed spines
(dot inside the loop is the thread of
regular sewing)

31



XZ projection




Radiocarbon dating of the thread

Hand-picking under
the microscope

Acid-Base-Acid (ABA) treatment

| EA&AGE-3 for combustion
and graphitisation

GLIWICE RADIOCARBON AND MASS SPECTROMETRY LABORATORY
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Radiocarbon dating of the thread

4 samples of the thread used in the bindings could be analysed:

Sample S1 — modern linen

Sample S4 — white linen

Sample S9— white linen
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XRF analysis: composition of pigments and inks

High-sensitivity for trace elements

g Every colour analysed
. N

Bruker Tracer-IlI-SD spectrometer

Mapping of the main components

Selected illuminations mapped

-

Bruker ELIO Spectrometer

INTERDYSCYPLINARNE LABORATORIUM BADAN ARCHEOMETRYCZNYCH UW
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Summary and Outlook

Micro-CT has proven to be an invaluable tool in diagnostic
pre- and post-conservation of historical books, allowing to
plan the course of the treatments and intervention in a
fully non-destructive way

C-14 dating of the sewing thread supports the conclusions
on the history of the rebinding(s) of the book built during

its restoration

Non-destructive analysis conducted while the book was
being restored (data under evaluation)

- XRF (X-ray fluorescence spectroscopy) to study the
composition of pigments, hues and inks as well as
the vellum support

- RTI (Reflectance Transformation Imaging) of the
illuminations performed to study the painting
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Museum of King Jan IIl's Palace at Wilanéw

Temporary exposition:
The Sobieskis and Stuarts — the Splendour and Spectre of the Crown

October 25, 2025 — May 31, 2026
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