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= Brief context and introduction
= Specificities and sensitivity of plant fibres, focus on kink-bands

= (Case of archaeological fibres
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=  Brief context and introduction



Brief description of flax fibre
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® Glass fibres
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Scientific context

A range of applications, sometimes in extreme environments

Need for a better understanding of fibre ageing mechanisms,
particularly in sensitive areas

fibre axis
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Bourmaud et al., ICP, 2022 5



Agenda

=  Specificities and sensitivity of plant fibres, focus on
kink-bands



ELUCIDATING THE ORIGIN OF KINK BANDS - ANATOMIX

1. Growing stage 2. Retting stage
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Bourmaud et al, Ind Crops & Prod, 2022




ELUCIDATING THE DEVELOPMENT OF KINK BANDS - ANATOMIX

SOLEIL

kink-band locations o SYNCHROTRON

Curved porosities
in kink-band area

Observations on extracted fibres

Bourmaud et al, Ind Crops & Prod, 2022



ELUCIDATING THE DEVELOPMENT OF KINK BANDS - ANATOMIX

Video 1: Stretched flax fibres Video 4: Retted stem
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Bourmaud et al, Ind Crops & Prod, 2022



KINK BANDS
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COMPLEX STRUCTURE OF KINK BANDS - ANATOMIX

SOLEIL

SYNCHROTRON
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Figure 4. Defect already observed in Fig. 2a but here the voids
have been separated, colours help to see the distinction (a),
box-plot of the void volumes generated by kink-bands (b), the
left box represents the porosities of the whole zones studied,
the left box represents the porosities of the whole zones
studied, the right box concerns only the Fig. 4a defect
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Figure 5. Tomographic slice images of fibres along transverse planes, where voids are highlighted (a),
measurements of the angle of voids with the axe of the lumen (b) boxplots of 13 measured angle in
zone where the misalignment is the most clearly visible (c)

Quereillac et al, Ind Crops & Prod, 2023
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DEEP INVESTIGATION OF KINK BANDS - ANATOMIX

SOLEIL
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between pores

Figure 3. Box-plot presenting the pores thickness and the
distance between two pores (a), cross-section of a flax fibre
evidencing the successive cellulose layers (b) (Hock, 1942)
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DEEP INVESTIGATION OF KINK BANDS
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Agenda

Case of archaeological fibres
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SEM - Yarns
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SEM - Yarns
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Micro-CT
on FLAX
fibres
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Non-linear
optical medium
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2PEF (GGS filter) Backward-SHG

Merged 2PEF and Forward-SHG

Latour et al, Optics Express, 2012

MODERN YARN EGYPTIAN YARN

Melelli et al, Nature Plants, 2021

> Kink bands deeply fractured in the Egyptian yarn

> Kink bands are bigger and with a different shape in the
egyptian yarn
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Melelli et al, Ind Crops & Prod, 2021



Andersson Strand, Paléorient, 2012

© Annika Jeppsson and CTR

Modern fibre
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Micro-tomography investigations

PEBOS Sample
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Morgillo et al., Comp part A, 2025
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Micro-tomography investigations

Morgillo et al., Comp part A, 2025
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Micro-tomography investigations

Morgillo et al., Comp part A, 2025
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Porosities content
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Morgillo et al., Comp part A, 2025



Micro-tomography investigations ===
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Mechanical properties T

ELECTRONICS

AFM (PF-QNM) . o

AFM PROBE

* Observation of porosities inside the fibers v
m

* Evaluation of mechanical properties of fiber cell walls
-

Indentation modulus of contemporary flax fiber Indentation modulus of contemporary flax fiber
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Mechanical properties — AFM PF-QNM
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Mechanical properties — AFM PF-QNM

Goudenhooft et al.,
Cartb Pol, 2024
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Conclusions
. Cell wall cracks

a. Flax2022

d. Fishing net

Modern flax

Cellulose fibril agregate I Hemicelluloses

Goudenhooft et al, Carbohydrate Polymers, 2024

c. Gebel1

f. Gebel2

420-480 nm

Melelli et al, Polymer Degradation and Stability, 2024

Ancient flax

Pectins
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Conclusions

. Degradation from lumen

Sum

Melelli et al, Polymers, 2021
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Conclusions

Degradation from t
outside of the fibre

SED

30kv. WD 30.1 mm
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