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Report:

[ ntroduction

This project focuses on the blanching of easeltpays, a recurring alteration that can affect thenish layer
and also the paint layer itself. The chemical ahgspral phenomena responsible for the whiteningehaot

yet been identified and this is currently beingestigated as PhD research work, at the C2RMF (Céorte
Research and Restoration of the Museums of Fram@ayent conservation treatments are not entirely
satisfactory. Understanding this alteration wiktéfore allow the proposal of adapted, efficierd darable
conservation treatments.

Field Emission Gun Scanning Electron Microscopyeobations of circa 50 non-embedded paint micro-
samples revealed an highly porous structure iralieeed layers with a pore size ranging from 20tamipum
[1]. Nevertheless, our observations are limiteth® surface or the edge of the sample and do flettr¢he
whole porosity distribution. Besides, the samplsnot be embedded because the pores would beifilleg
the resin penetrating into the sample.

Our objective is to determine the 3D spatial dittion of the pores, their sizes, 3D morphologied #eir
chemical environments in order to better understhedalteration process. Analyses were performethen
nano-imaging beamline ID16A-NI using nano-holotomagdny in combinaison with nano-X-ray fluorescence
(XRF). The use of phase contrast nanotomography&esred since it enables to access a nanomeat@as
resolution, and especially to distinguish regioithwow and similar electron densities (pores, leindarnish)

in presence of high density compounds (pigmentk watn, copper, lead, ...). XRF 2D maps were collécte
to track possible traces of metals (potentiallyduae driers) and to see if their distribution isretated with
the degradation.



Experimental part
e Samples

A corpus composed of 8 paint micro-samples weréyaed by nano-holotomography and 4 samples also by
nano-X-ray fluorescence (XRF) (table 1). To avdid sample contamination by organic matter, theyewer
pushed and blocked in quartz capillaries (figuréeft). As they were not well fixed, they moved ihgy the
scans. So, we finally decided to stick them with teast amount of araldite glue (viscous enoughaip
penetrate in the whole sample). The yellow crogsesponds to the analyzed area (located on thestppo
side of the glue) (figure 1, right). It is importdo underline that a sample shrinking was induzgthe beam

and corrected using algorithm during the reconstsngrocess.

Nano- : Nano-X-ray Sample
Sample Voxe size .
holotomography fluorescence | preparation
Lame 23 X 50 nm In a quartz
(mock-up sample) capillary
Lame 24 In a quartz
(mock-up sample) capillary
Nattier 1 50 nm In a quartz
X X capiclllary
Crignier 50 nm In a quartz
X capillary
Chardin 50 nm In a quartz
X X capiclllary
Van Schrieck 130, 50, 25 nm Stick with
X X araldite glue
Van der Bent (altered X X Stick with
araldite glue
Van der Bent (after X 50 nm Stick with
conservation treatment) araldite glue

Table 1: analyses performed and samples prepasaf@n nano-holotomography, the voxel size is sigeki

In a 200 um quartz capillar,

Stuck at the end of a capillar

Figure 1: Sample preparation

with araldite glue (viscous)
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» Experimental parameters
The samples were analyzed by magnified holotomdyrapthe nanoscale using the experimental parasete
given in table 2. Except for one, samples were gdagnly with a voxel size of 50 nm because it ezmlal
good compromise between the spatial resolutiortiemdnalyzed field of view (more than 100x100x 106
(table 1).

Energy 17 keV
Number of recorded distances 4
Exposure time 200-400 ms
Number of projection 1000-2000
Voxel size 130, 50, 25 nm

Table 2: Experimental parameters for the nano-batography

The XRF 2D maps were collected in the meantimerégeover the beam path) with an energy of 17 leV a
well, a spatial resolution of 50 nm and an exposiane of 50 ms.

Results and discussion
Three dimensional images were obtained from rez¢dgahase maps by tomographic reconstruction. Thgem

processing was performed using the sofwares Imaige Mevislab®. A detail of a reconstructed slicehu
sample Van der Bent (altered)fs reported in figure 2. It highlights that the esi(in red) are located in the
binder (in green). The results obtained on otherpas are consistant. Considering the pore sipen(frirca
200 nm to 4 pm), the blanching is induced by the Njht scattering by the pores located eithehetarnish
or in the organic binder [1]. This results congéta major advance toward the understanding cditieeation,
since it revealed that the alteration process tplkas in the organic matter.
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Figure 2: Detail of a reconstructed slice highligbtthe presence of pores in the organic bindealeSgar: 5um

The analyses of the 3D images revealed that thespare closed (not connected) and therefore haadcEss
from the painting surface during conservation tresits (solvents application and varnishing). Indeked
comparative study of an altered and a conserveglsamevealed that pores are still present in thddy and
that current conservation treatments are thereforefficient to durably fill or resorb them. (figu3).
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Figure 3: X-ray phase contrast nanotomography ioaected images. a) altered; b) conserved painorsiamples.
Scale bars: 5um.

Conclusion and per spectives
The sample 3D characterizations enables us toigigthat the pore are located in the organic maitbethe

varnish or in the binder. The pore size is rangingn 200 nm to 4 um. Concerning the 3D distributiiothe
layers, the pores are not connected and locateddhout the layers. Moreover, the comparative stadgled
that current conservation treatments are not satisfy. These results constitute a major advaneartts the
understanding of the alteration and the proposakof appropriate conservation treatments, whickanesman
important issue for the conservations of thesetpas.

The high quality of the results obtained (more ifletian a future publication) encourages us to @ our
research on conservation treatments for blancheel gaintings. More specifically, we wish to foausthe
efficiency and reversibility of a new developpeekttiment based on a perfluoropolyether gel. We pharsto
submit a continuation of this experiment at ID16A.

References:

[1] A. Genty-Vincentet al, Blanching of paint and varnish layers in easehfpays: contribution to the
understanding of the alteration, Applied Physic$24, 779 (2015)

[2] A. Genty-Vincentet al, Investigating the 3D arrangement of submicronepan blanched easel oil
paintings by X-ray phase contrast nanotomographiétsubmitted)

[3] A. Genty-Vincentet al, Investigating the 3D arrangement of submicronepan blanched easel oil
paintings by X-ray phase contrast nanotomograpiycl&otron radiation and neutrons in art and arcloagy
(SR2A), 6-8 september 2016, Chicago (oral commuioich

[4] A. Genty-Vincentet al., X-ray phase contrast nanotomography of porousealteasel oil paintings, ESRF
User Meeting, UDM1— Nanoscience: X-ray diffractiand coherence, 8-10 february 2016, Grenoble (oral
communication)



