3.2 Inpainting treatments: evaluation of innovative materials and methods

FLASHE ® (LeFranc&Bourgeois) WHITE sample

FLPW6P(25X) FLPW6Lr (25X) FLPW6AQ(25X)
FLPW6PEu (25X) FLPW6LrEu (25X) FLPW6AQEU(25X)
HEAVY BODY (Liquitex®) TITANIUM WHITE sample
LQPW6P(25X) LQPW6Lr(25X) LQPW6Aq(25X)
LQPW6PEU(25X) LQPW6LrEu(25X) LQPW6AQEU(25X)
BRERA (Maimeri®) TITANIUM WHITE sample
BRPW6P(25X) BRPWSGLr (25X) BRPW6AQ(25X)
BRPW6PEU(25X) BRPW6LrEu (25X) BRPW6AGEU(25X)

Tab.3.2-11: Comparing the paint surfaces coming from different white retouching formulations: the
inclusion of the Eu(DBM);phen complex could results in a slight yellowing (discernible to the naked eye).
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Chapter 3: RESULTS and DISCUSSION

Due to these slight differences in the appearance of the white paints, the morphology
of the paint layers characterized by the Europium (lll) complex where studied at higher
magnifications, using Scanning Electron Microscopy. Some of the pictures taken using
Secondary Electrons (SE) are shown in table 3.2-12: no significant morphological
differences were detected comparing the paint layers cast with formulations containing
or not the Europium (Ill) complex.

BRERA (Maimeri) — TITANIUM WHITE SAMPLE -
BRPW6P (5000X) BRPWG6PEu (5000X)

10pm 10pm

BOpm

BRPW6Aq (5000X) BRPW6AGEU (5000X)

10um

! 10pm ] i ]
Tab.3.2-12: The paint layers coming from the retouching paints formulated to inpaint the Titanium White-
Brera sample (PW6) are compared to those achieved using the same paints, added with the Europium (l11)

complex (on the right). No relevant differences were detected (SEM images, Secondary Electrons, 5000X).
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3.2 Inpainting treatments: evaluation of innovative materials and methods

The color variations induced by the inclusion of the Europium (lll) complex were
evaluated in a quantitative way, by colorimetric measurements.’”* The results are shown
in the following tables (3.2-13, 3.2-14, 3.2-15).

The color variations detected when comparing the surfaces of the white retouching
paint, corresponded to slight AEab* values (ranging from 2.01 for the BRPW6P sample,
to 5.71 for the BRPW6Lr sample). These color variations are generally related to
increments of a* and b* chromaticity coordinates, suggesting that the paint layers
characterized by the complex are more reddish and more yellowish than the others.
These results were completely consistent with the slight color differences discernible to
the naked eye.

FLASHE® PAINTS (LeFranc&Bourgeois)

Retouching Methods SCI SCE
compared AL* Aa* | Ab* | AEab* | AL* Aa* | Ab* | AEab*

FLPW6Lr -FLPW6LrEu | -1.90 | 1.86 | 2.34 354 |-202| 181 | 231 3.57
FLPW6AQ- FLPW6AgEu | 0.67 | 1.48 | 1.89 249 | 0.66 | 1.45 | 1.86 | 2.45
FLPW6P- FLPW6PEuU 0.49 | 044 | 1.94 2.05 | 045 | 042 | 1.92 2.01
FLPB29Lr- FLPB29LrEu | 0.02 | -3.06 | 2.32 3.84 | 0.11 | -3.13 | 2.41 3.95
FLPB29Aq- FLPB29AqEu | 2.37 | -4.52 | 3.04 | 5.94 | 2.60 | -4.26 | 3.38 | 6.03
FLPB29P- FLPB29PEuU 2,64 | -2.23 | -2.07 | 4.03 2,58 | -2.19 | -2.00 | 3.93
FLPY42Lr- FLPY42LrEu 249 | 0.97 | 1.22 294 | 247 | 099 | 1.36 2.99
FLPY42Aqg- FLPY42AqEu | 2.88 | 0.43 | -0.26 | 2.92 2.81 | 0.44 | -0.14 | 2.85
FLPY42P- FLPY42PEu -0.30|-001|-0.11| 032 |-0.29|-0.02 | -0.11 | 0.31
FLPV19Lr-FLPV19LrEu | -1.35 | -2.32 | 2.42 3.62 |-132|-233| 231 3.54
FLPV19Aq- FLPV19AqgEu | 1.81 | 1.46 | 0.77 2.45 1.78 | 1.44 | 0.75 2.41
FLPV19P- FLPV19PEu 0.74 | 0.84 | 1.61 196 | 0.76 | 0.88 | 1.38 1.81
FLPG7Lr- FLPG7LrEu -1.62 | 237 | -0.62 | 294 |-158| 235 | -0.63 | 2.90
FLPG7Aqg- FLPG7AqEu | -4.02 | -1.24 | 0.85 430 |-4.01|-127 | 086 | 4.29
FLPG7P- FLPG7PEu 3.00 | 417 | 0.26 | 5.14 | 294 | -3.44 | 030 | 4.53

Tab.3.2-13: Evaluating the color variations due to the inclusion of the Europium (lll) complex in the
formulations used for inpainting Flashe® (LeFranc&Bourgeois) samples. The total color difference (AE*,,)
is shown, together with the variation of lightness (AL*) and of the chromaticity coordinates (Aa* and Ab*).
Data were calculated from values acquired both including and excluding the specular reflectance (SCI and
SCE methods). The bold font is used for those variations that, being higher than 5, are supposed to be
discernible to naked eye examination.

L Even in this case only one point was considered for each area, repeating the measurement three times.
The variations of the three colorimetric values were calculated as differences between the values
collected for the areas containing the Europium (Ill) complex and the other ones. The total color
variation was expressed as AE*,, As always, SCI and SCE data were both considered.
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Chapter 3: RESULTS and DISCUSSION

HEAVY BODY PAINTS (Liquitex®)

Retouching Methods SCI SCE
compared AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*

LQPW6Lr -LQPW6LrEu -0.32 | 0.59 | 4.19 424 1-0.22 | 0.55 | 4.14 4.18
LQPW6AQ- LOPW6AQEuU | 1.52 | 0.50 | 3.38 | 2.49 193 | 0.51 | 3.74 | 3.90
LQPWG6P- LQPWG6PEU -3.59 | -0.32 | 0.27 | 3.61 |-3.54|-0.34 | 0.28 | 3.57
LQPB29Lr- LQPB29LrEu | -0.99 | -2.66 | 2.92 | 4.07 | -1.03 | -2.45 | 2.80 | 3.86
LQPB29Ag- LQPB29AqEu | 3.59 | 4.27 | 0.50 | 5.60 | 4.09 | 293 | 1.97 | 5.40
LQPB29P- LQPB29PEU 0.65 | 056 | -1.42 | 166 | 0.66 | 0.27 | -1.23 | 1.42
LQPY42Lr- LOPY42LrEu 1.67 | -0.46 | 1.47 | 2.27 | 1.60 | -0.38 | 1.57 | 2.27
LQPY42Aq- LQPY42AqEu | 1.44 | 1.45 | 1.44 | 250 | 1.46 | 1.40 | 1.39 | 2.46
LQPY42P- LQPY42PEu 0.72 | 0.19 | -0.76 1.07 1.38 | -0.14 | -3.10 3.40
LQPV19Lr-LQPV19LrEu 1.40 | -232 | -4.16 | 484 | 197 | 1.20 | -3.82 | 4.46
LQPV19Aqg- LQPV19AqEu | 2.56 | 3.42 | 2.77 5.09 2.08 | 3.72 | 4.48 6.18
LQPV19P- LQPV19PEuU -0.08 | -0.97 | -1.79 2.04 0.18 | -1.04 | -2.43 2.65
LQPG7Lr- LQPG7LrEu 1.14 | -3.69 | -0.95 | 3.97 | 0.87 | -3.25 | -0.66 | 3.43
LQPG7Aq- LQPG7AqEu 0.56 | -0.61 | -1.81 1.99 -1.07 | 2.82 | 0.57 3.07
LQPG7P- LQPG7PEu 0.13 | -0.05 | -0.32 | 0.35 | 0.34 | -0.42 | -0.46 | 0.71

Tab.3.2-14: Evaluating the color variations due to the inclusion of the Europium (lll) complex in the
formulations used to inpaint Heavy Body (Liquitex®) samples. The total color difference (AE*,,) is shown,
together with the variation of lightness (AL*) and of the chromaticity coordinates (Aa* and Ab*). The bold
font is used for those variations that, being higher than 5, are supposed to be discernible to naked eye
examination. SCl= specular component included. SCE= specular component excluded

Tab.3.2-15: Evaluating the color variations due to the inclusion of the

BRERA PAINTS (Maimeri®)

Retouching Methods SCI SCE
compared AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
BRPW6Lr -BRPWG6LrEU 1.02 | 0.78 | 5.56 5.71 1.09 | 0.76 | 5.50 5.66
BRPW6AQ- BRPW6AQEu | -0.30 | 0.55 | 3.58 3.63 |-033| 053 | 3.56 | 3.61
BRPWG6P- BRPW6PEU -1.96 | 0.16 | -0.41 2.01 -1.95 | 0.16 | -0.42 2.00
BRPB29Lr- BRPB29LrEu 5.66 | -2.45 | 5.06 7.98 6.42 | -3.23 | 6.74 9.85
BRPB29Ag- BRPB29AgEu | 1.33 | 3.03 | -1.20 | 3.52 131 | 2.66 | -0.49 | 3.01
BRPB29P- BRPB29PEuU 091 |-1.70 | -0.33 | 196 | 0.81 | -1.60 | -0.30 | 1.82
BRPY42Lr- BRPY42LrEu -0.78 | -0.01 | 0.65 1.01 -0.65 | -0.10 | 0.16 0.67
BRPY42Aq- BRPY42AqgEu | 0.05 | 1.73 | 459 | 4.90 | 0.20 | 1.61 | 3.22 3.61
BRPY42P- BRPY42PEu -1.59 | -0.50 | 0.93 1.90 | -1.55|-0.54 | 0.83 1.84
BRPV19Lr-RPV19LrEu 1.16 | 0.23 | -0.89 | 1.48 1.13 | 0.11 | -0.60 | 1.28
BRPV19Aq- BRPV19AqEu | 0.62 | 2.13 | 1.63 2.75 0.79 | 1.81 | 1.03 2.23
BR PV19P- BR PV19PEu | -1.37 | -2.88 | -2.28 | 3.92 |-1.31|-2.81 | -2.39 | 3.91
BRPG7Lr- BRPG7LrEu -0.36 | 1.30 | -0.04 | 135 |-0.40| 1.41 | -0.08 | 1.46
BRPG7Aq- BRPG7AqEu 1.20 | -4.70 | 1.55 5.09 135 | -5.19 | 1.71 5.62
BRPG7P- BRPG7PEu 0.31 | -1.98 | 1.61 2,57 | 0.29 | -2.14 | 1.75 2.78

Europium (Ill) complex in the

formulations used to inpaint Brera (Maimeri®) samples. The total color difference (AE*,,) is shown,
together with the variation of lightness (AL*) and of the chromaticity coordinates (Aa* and Ab*). The bold
font is used for those variations that, being higher than 5, are supposed to be discernible to naked eye
examination. SCl= specular component included. SCE= specular component excluded
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3.2 Inpainting treatments: evaluation of innovative materials and methods

As far as the other paints, the color variations due to the inclusion of the Europium (lll)
complex into the retouching formulations were minor. In the majority of the cases (38
out of 45) the calculated AEab* values were actually lower than 5 (the threshold value
that is usually considered for defining appreciable color variations). In addition, leaving
out the white samples, it could be said that even when dealing with AEab* higher than
5, the color variations were barely discernible to the naked eye examination (eg.
BRPB29Lr and BRPB29LrEu samples, compared in table 3.2-16).

Color variations due to the Europium (lll) complex
BRPB29Lr before ageing (25X-LM) BRPB29LrEu before ageing (25X-LM)

Tab.3.2-16: Two paint layers consisting of the same Laropal A81® formulation (BRPB29Lr): that on the left
does not contain the Europium (lll) complex, that on the right do contain it. Even though the measured
color difference was quite high (AE,,*~8), the surfaces look very similar.

It is finally to remember that the color variations could be influenced by many factors,
such as an uneven distribution of the pigments in the binder matrix (when considering
Aguazol 200® and Laropal A81°® formulations) or the influence of the mortar support.
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Chapter 3: RESULTS and DISCUSSION

3.2.2 Artificial ageing: UV-light stability testing

As already described in Chapter 2 (2.3.2 UV-light stability testing), the stability of the
retouching paints was tested by exposing the inpainted areas to 400h of UV-light (UVA-
340 lamps, temperature 45°C).

While carrying out the ageing, the occurrence of any chemical or physical variations was
assessed through different analytical techniques: FTIR spectra were collected every
100h;’? colorimetric measurements were carried out every 200h; while the morphology
of the paint layers was examined, before and after ageing, through Light and Scanning
Electron Microscopy.73

Since it is not possible to fully discussed all the collected data (a total of 96 different
formulations were cast), only a selection of the results is presented here.

The intention is to stress those aspects which are more relevant within the conservation
field, such as:

— the actual stability of the different binding media;

— the connection between the chemical stability of the resins and the variation of
their solubility (and so the actual reversibility of the treatments);

— the influence of the Europium (Ill) complex in affecting the stability of the
formulations;

— the stability of the Europium (lll) complex itself (discernibility long-term properties).

3.2.2.1 Chemical, morphological and color variations

LAROPAL A81°® FORMULATIONS

As pointed out in specialized literature,’® it is possible to successfully follow the ageing
processes of the Laropal A81® resin through FTIR spectroscopy.

As the ageing of this urea-aldehyde resin is extended, different species containing polar
functional groups (as hydroxyl, ketones and carboxylic acids) may develop. The
occurrence of photooxidative processes can be studied monitoring the absorptions in
the hydroxyl region (32003100 cm™), the carbonyl band of the ester functionality (at
about 1730 cm™) and the carbonyl band of the tertiary amide (at about 1640 cm™). The
first absorption feature is actually expected to broaden and increase in intensity, while

72Using the Vertex 70 FTIR (Bruker Optik GmbH), equipped with ATR accessory. The processing, carried out
using OPUS 5.0 software, included: ATR->ABS conversion, automatic base line correction (Rubberbend,
64 baseline points), automatic smoothing and scale normalization.

73Using respecively: the Leica DMR Light Micrsocope and the Jeol JSM 6300 Scanning Electron Microscope.

"de la Rie, et al. (2002), assessed the stability of different urea-aldehyde resins. The study was carried out
considering un-pigments films of an experimental formulation, LaropalA81® and Laropal A101® resins.
The films were cast on glass plates and aged for a total of 2996 hours, under conditions simulating
daylight passing through window glass, including the UV component.
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3.2 Inpainting treatments: evaluation of innovative materials and methods

the other two are expected to merge. No significant changes are instead expected, as far
as the fingerprint region absorptions.

The results were totally consistent with the pieces of information reported in literature:
as suggested by the occurrence of the spectral changes described above, after 400h of
UVA-light exposure, the paints containing the Laropal A81® binder underwent some
photooxidative processes. Even though some evidences of this degradation process
were detected for all the formulations, those containing the Mars Yellow (PY42) pigment
turned out to be more stable than the other ones (see the spectra in Fig.3.2-7). The
degradation process was instead particularly pronounced for formulations containing
the Ultramarine Deep (PB29) pigment (Fig.3.2-8).

- FLPY42Lr sample Oh UV light exposure
0.30

- >FLPY42Lr sample 200h UV light exposure
—>FLPY42Lr sample 400h UV light exposure

0.25

0.20]

Absorbance Units
o
=
o

0.05 |

0.00

3500 3000 2500 2000 1500 1000
Wavenumber cm™

Fig. 3.2-7: Comparing the FTIR spectra from FLPY42Lr, sample at different steps of the UV-light ageing.
The retouching formulation contains: Laropal A81® resin, Mars Yellow pigment (PY42) and calcium
carbonate extender(CaCO;). In black the spectrum collected before ageing, in red and blue those
collected after 200h and 400h of exposure respectively. The slight variations in the intensity of the
absorption features show that the formulation is pretty stable.

As the ageing was carried on and the photooxidative processes continued to develop,
the paint layers became harder and more brittle. Nevertheless, when examining the
surfaces through Light Microscopy, only some minor changes in the morphology of the
paint layers were detected. The only layers being affected by some cracks were those
based on the formulations containing the Titanium White (PW6) pigment. As displayed
in table 3.2-17, the occurrence of microscopic cracking was also confirmed by Scanning
Electron Microscopy examinations (carried out only for the BRPW6Lr sample).
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—>FLPBILr sample Oh UV light exposure
—FLPB29Lr sample 200h UV light exposure
i —>FLPB29Lr sample 400h UV light exposure
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Fig. 3.2-8:Comparing the FTIR spectra from FLPB29Lr sample at different steps of the UV-light ageing. The
retouching formulation contains: Laropal A81® resin, Ultramarine Deep pigment (PB29) and calcium
carbonate extender(CaCOs). In black the spectrum collected before ageing, in red and blue those collected
after 200h and 400h of exposure respectively. The merging of the two carbonyl bands and the increment
in the absorption in the OH stretching region (enlarged detail) suggest that the resin is undergoing some

photooxidative processes.

BRPW6Lr sample: MORPHOLOGICAL VARIATIONS

Before Ageing (25X-LM)

T0pm

After 400h of UV-light exposure (25X-LM)

After 400h of UV-light exposure (5000X-SEI)

Topm

Tab.3.2-17: The morphological variations detected for one of the retouching formulations based on the
Laropal A81° resin binder (BRPW6Lr). The pictures taken after 400h of UV-light exposure (on the right)

show the occurrence of some cracks.
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3.2 Inpainting treatments: evaluation of innovative materials and methods

The photooxidative degradation of the binder did not result in significant color changes.
As shown in table 3.2-18, for the majority of the samples, the AE,,* calculatedd at the
end of the ageing were minor (between 3 and 5) or negligible (lower than 3). The color
variation detected for one of the samples containing the Phthalo Green pigment was
slightly higher (LQPG7Lr, final AE;p* of 6.21).

FLASHE®- L&B- LAROPAL A81° retouching methods
SCl SCE

AL¥ Aa* Ab* AEab* | AL* Aa* Ab* AEab*
FLPW6Lr200 | 1.70 | 0.07 | 0.62 1.81 1.68 | 0.08 | 0.59 1.78
FLPW6Lr400 | 0.94 | 0.12 | 0.22 0.97 | 096 | 0.11 | 0.17 0.98
FLPB29Lr200 | 4.17 | -5.77 | -1.02 7.19 4.23 | -5.85 | -0.90 7.28
FLPB29Lr400 | 6.09 | -9.28 | -0.48 | 11.11 | 6.28 | -9.47 | -0.28 | 11.37
FLPY42Lr200 | 0.86 | 0.21 | 2.45 261 | 090 | 0.22 | 241 2.58
FLPY42Lr400 | 0.65 | 0.02 1.77 1.89 | 0.73 | 0.00 | 1.65 1.80
FLPV19Lr200 | 2.29 | 1.35 | -9.38 9.75 | 2.39 | 1.16 | -8.88 9.27
FLPV19Lr400 | 3.15 | 1.84 | -10.66 | 11.26 | 3.25 | 1.56 | -10.16 | 10.78
FLPG7Lr200 | 0.64 | -1.30 | 0.18 146 | 062 | -1.35| 0.19 1.50
FLPG7Lr400 2.15 | 0.77 -0.75 2.43 2.21 | 0.74 -0.79 2.46

HEAVY BODY- Liquitex®- LAROPAL A81° retouching methods
SCI SCE
AL¥ Aa* Ab* AEab* | AL* Aa* Ab* AEab*
LQPW6Lr200 | -0.35 | -0.08 | -0.14 0.38 | -0.29 | -0.08 | -0.16 0.34
LQPW6Lr400 | -1.44 | -0.05 | -0.26 1.46 |-1.31|-0.07 | -0.29 1.34
LQPB29Lr200 | 1.33 | 2.74 | -3.67 4.76 1.42 | 2.14 | -3.36 4.23
LQPB29Lr400 | 1.11 | 7.01 | -6.09 9.36 | 1.14 | 6.62 | -5.90 8.94
LQPY42Lr200 | 0.63 | 0.25 | 0.92 1.14 | 0.62 | 0.25 | 0.90 1.12
LQPY42Lr400 | 0.23 | 0.41 | 0.73 0.87 | 0.27 | 0.39 | 0.66 0.81
LQPV19Lr200 | -0.74 | -0.96 | 0.50 132 |-0.72 | -0.92 | 0.68 1.35
LQPV19Lr400 | -1.05 | -1.23 | 2.37 2.87 |-1.02 | -1.15| 2.61 3.03
LQPG7Lr200 | -0.30 | 0.01 1.62 1.65 |-0.89 | 1.19 | 2.05 2.53
LQPG7Lr400 | -1.94 | 5.83 | -0.88 6.21 | -2.03 | 5.95 | -1.19 6.40

BRERA- Maimeri®- LAROPAL A81° retouching methods

SCI SCE
AL* | Aa* Ab* | AEab* | AL* | Aa* Ab* | AEab*
BRPW6Lr200 | 1.04 | 0.00 | 0.56 1.18 1.12 | -0.01 | 0.52 1.24
BRPW6Lr400 | -0.98 | -0.10 | -0.02 0.98 | -0.82 | -0.12 | -0.06 0.83
BRPB29Lr200 | -0.96 | 4.33 | -2.02 488 |-1.15| 472 | -2.31 5.38
BRPB29Lr400 | -0.82 | 4.11 | -2.01 4.65 | -0.97 | 452 | -2.33 5.17
BRPY42Lr200 | -0.33 | -0.04 | -0.17 0.38 | -0.24 | -0.10 | -0.50 0.56
BRPY42Lr400 | -0.08 | -0.15 | -0.41 0.44 | -0.09 | -0.14 | -0.35 0.39
BRPV19Lr200 | 1.33 | 1.50 | -0.56 2.08 133 | 1.50 | -0.54 2.08
BRPV19Lr400 | -0.39 | -0.54 | 3.24 3.31 |-0.37 | -0.47 | 3.00 3.06
BRPG7Lr200 | -1.70 | 6.02 | 0.46 6.27 | -191| 6.49 | 0.63 6.79
BRPG7Lr400 | 1.12 | -4.27 | 1.88 480 | 1.40 | -5.06 | 2.21 5.69

Sample ID

Sample ID

Sample ID

Tab. 3.2-18: The color variations induced by the UV-light ageing of the retouching formulations based on
the Laropal A81®resin. The total color variation (AE*,,) is shown, together with the variation of lightness
(AL*) and chromaticity coordinates (Aa* and Ab*). Data were calculated from values collected including
and excluding the specular reflectance (SCl and SCE methods ). The bold font is used for those variations
that, being higher than 5, are supposed to be discernible to naked eye examination.
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Two of the blue samples (containing the Ultramarine Deep pigment, PB29) and one of
the red samples (containing the Quinacridone Rose pigment, PV19) underwent more
significant color variations (final AE,;,* of 11.11 for the FLPB29Lr sample, of 9.36 for the
LQPB29Lr one and of 11.26 for FLPV19Lr). Despite leading to AE,,* higher than 5, the
color variations were barely discernible to naked eye examination (as displayed in Tab.
3.2-19). It is possible that the AE,,* values were slightly influenced by an uneven
distribution of the pigments in the binding medium.

DISCERNIBLE COLOR VARIATIONS
FLPB29Lr before ageing (25X-LM) FLPB29Lr after 400h of UV-light ex. (25X-LM)

LQPB29Lr before ageing (25X-LM) LQPB29Lr after 400h of UV-light ex. (25X-LM)

FLPV19Lr before ageing (25X-LM) FLPV19Lr after 400h of UV-light ex. (25X-LM)

Tab.3.2-19: Comparing the appearance of Laropal A81® based samples before and after ageing. Even
though the measured total variations are quite high (FLPB29Lr AE,,*~11; LQPB29Lr AE,,*~9; FLPV19Lr
AE,,*~11), the color changes are barely discernible to the naked eye.
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3.2 Inpainting treatments: evaluation of innovative materials and methods

AQUAZOL 200® FORMULATIONS

As reported in specialized literature,”® it is possible to follow the ageing processes of
Aquazol 200° resin through FTIR spectroscopy. The appearance of additional bands,
such as a carbonyl absorption around 1740 cm™, may suggest the growth of oxidation
products in the polymer. Moreover, polymer chain scission reactions may result in a
secondary amide and a terminal double bond,”® revealed by an increment in the
intensity of the bands around 3290 cm™ (N-H stretching) and 1540 cm™ (Il amide band of
a secondary amide) and its respective overtone at 3085 cm™.

Before starting the ageing, the spectra from some of the Aquazol 200® based
formulations were already characterized by an absorption around 1730 cm™. This
feature, possibly related to a carbonyl stretching, suggested the occurrence of some
early oxidation processes.

By exposing the samples to UVA-light an additional absorption band were detected at
1730 cm™ for those retouching formulations which initially did not show any
degradation feature and, for those formulations which already showed some oxidation
evidences, the carbonyl stretching band shifted to lower wavelengths (from 1730 to
1725 cm™) and increased in intensity. These spectral variations usually came with: the
enhancement of the absorption in the 3100 cm™ region and some variations in the
intensities of the absorptions in the C-H stretching region (with an enhancement of the
Vas CH3 at 2975 cm™ and a slight decrement of the band at 2880 cm'l).

As shown in figures 3.2-9 and 3.2-10, these features were barely detectable for the
samples consisting of organic pigments (such as Quinacridone Rose, PV19) but were
particularly pronounced for the formulations containing the Ultramarine Deep (PB29)
pigment. Upon ageing, all the blue samples showed a slight decrement and broadening
of the | amide bands (falling between 1630 cm™ and 1620 cm™) and the occurrence of an
additional absorption feature around 1550 cm™ (possibly related to the Il amide band of
a secondary amide).

These results suggested that, when applied on a cement-lime mortar support and
exposed to UVA-light, Aquazol 200® resin is likely to undergo two concurrent
degradation processes: photooxidative reactions resulting in new functionalities (as
carbonyl and hydroxyl groups); polymer chain scission reactions, leading to the
formation of a secondary amide and, possibly, terminal double bonds. The formation of
this latter features (absorbing in the 1640+1630 cm™ region) could not be clearly

"Wolbers, McGinn and Duerbeck (1998), tested the stability of Aquazol 50® and Aquazol 500° un-
pigmented films, by exposing them to alternate light and dark ageing conditions (72h of light, 72h of
dark, 72light), resulting in a total radiant exposure comparable to 24 years of natural ageing in museum
conditions.

"®This degradation pathway was proposed by Appolonia, et al. (2009) who compared the stability of
different resins which may be used for consolidation purposes.
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appreciated because of the presence of the tertiary amide | band in the same spectral
region.
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—2FLPV19Aq sample 400h UV light exposure
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Fig. 3.2-9:Comparing the FTIR spectra from the FLPV19Aq sample at different steps of the UV-light ageing.
The retouching formulation contains: Aquazol 200®, Quinacridone Rose (PV19) and Mars Yellow (PY42)
pigments, calcium carbonate extender (CaCOs). In black and blue the spectra collected before ageing and
after 400h of UVA-light exposure respectively: the slight variations in the intensity of the absorption
features show that the formulation is quite stable.

—>BRPB29Aq sample Oh

UV-light exposure
0.4
—>BRPB29Aq sample 200h
UV-light exposure
—>BRPB29Aq sample 400h
0.3 UV light exposure
2
o)
[}
c
3
$0.2
Qo
<<

S

T T
3500 3000 2500 2000 1500 1000
Wavenumber cm’

Fig. 3.2-10:Comparing the FTIR spectra collected from the BRPB29Aq sample at different steps of the UV-
light ageing. The retouching formulation contains: the Aquazol 200° resin, Ultramarine Deep (PB29) and
Quinacridone Rose (PV19) pigments, and silica extender(SiO;). In black the spectrum collected before
ageing, in red and blue those collected after 200h and 400h of UVA-light exposure respectively. In the
enlarged detail the main variations due to photooxidation and chain-scission processes are shown.

216



3.2 Inpainting treatments: evaluation of innovative materials and methods

Despite being affected by photooxidative processes, the slightly aged Aquazol 200®
paint layers did not harden, nor become more brittle. On the contrary, the paint layers
remained quite sticky and prone to dirt pick up.”” This was especially true for those
samples characterized by low pigment volume concentrations (e.g. LQPG7Aq).

Upon ageing, no morphological changes were detected through Light Microscopy
examinations. On the contrary, Scanning Electron Microscopy examinations pointed out
the occurrence of some fine cracks (see table 3.2-20), which could be consistently due to
the supposed chain-scission degradation process (leading to a weakening of binder
mechanical properties).

BRPW6Aq sample: MORPHOLOGICAL VARIATIONS

Before Ageing (25X-LM) After 400h of UV-light exposure (25X-LM)
l» !_'
. - b2
* ’ 4 i
5 Fi R .9
¥ - g '. : | ‘.ﬁ ‘. \». . :'_.'\.., ' 3
y ‘3! ' , : -2 ﬁ"‘! g g 3 - : I
" TR ;
B [ o4 % 4 r t " —Soawm "

After 400h of UV-light exposure (5000X-SEI)
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Tab.3.2-20: The morphological variations detected for one of the retouching formulations based on the
Aquazol 200° resin binder (BRPW6AQ). The SEM picture taken after 400h of UV-light exposure (on the
right) shows the occurrence of some thin cracks.

Upon ageing, the retouching paints formulated using the Aquazol 200® resin did not
show significant discoloration. As shown in table 3.2-21, for the majority of the samples,
the AE.,* values measured after 400h of UV-light exposure were minor (between 3 and
5) or negligible (lower than 3). Higher color variations were detected for: the FLPB29Aq
sample (containing the Ultramarine Deep pigment; final AE,,* of 8.65), the LQPV19Aq
sample (containing the Quinacridone Rose pigment; final AE,,* of 5.58) and the FLPG7Aq
sample (containing the Phthalo Green pigment, final AE,,* of 8.34).

7 This is actually consistent with the pieces of information reported in specialized literature, were the
hygroscopic nature of all Aquazol resins is often remarked.
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As displayed in Table 3.2-22 these variations were barely discernible to naked eye
examination.

FLASHE®- L&B- AQUAZOL 200° retouching methods
SCI SCE

AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
FLPW6AQ200 | -0.13 | -0.16 | -0.55 | 0.59 | -0.06 | -0.16 | -0.56 | 0.59
FLPW6Aq400 | -0.86 | -0.16 | -0.58 | 1.05 | -0.78 | -0.16 | -0.60 | 0.99
FLPB29Aq200 | 3.68 | -6.72 | 4.04 | 8.66 | 3.95 | -6.46 | 4.47 | 8.79
FLPB29Aq400 | 4.29 | -6.56 | 3.66 | 8.65 | 4.65 | -6.30 | 4.11 | 8.84
FLPY42Aqg200 | 0.89 | -0.53 | -1.72 | 2.00 | 0.89 | -0.51 | -1.60 | 1.91
FLPY42Aq400 | 0.85 | -0.71 | -2.06 | 2.34 | 0.92 | -0.69 | -1.96 | 2.27
FLPV19Aq200 | 0.69 | -2.43 | -1.28 | 2.83 | 0.71 | -2.48 | -1.17 | 2.83
FLPV19Aq400 | 0.23 | -2.86 | -1.20 | 3.11 | 0.31 | -2.96 | -1.18 | 3.20
FLPG7Aq200 | 5.62 | 431 | -1.12 | 7.17 | 5.61 | 443 | -1.12 | 7.23
FLPG7Aq400 | 6.70 | 4.78 | -1.37 | 834 | 6.72 | 493 | -1.36 | 8.45

HEAVY BODY- Liquitex®- AQUAZOL 200°® retouching methods
SCI SCE
AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
LQPW6Aq200 | -0.47 | 0.03 | -0.10 | 0.48 | -0.05 | 0.03 | -0.12 | 0.13
LQPW6AQ400 | -3.47 | 0.12 | 0.89 | 3.58 |-295| 0.10 | 0.84 | 3.07
LQPB29Ag200 | -0.89 | -0.05 | 0.29 | 0.93 | -0.97 | 0.26 | -0.26 | 1.03
LQPB29Ag400 | -1.37 | 0.08 | 0.88 1.63 |-1.52| 0.81 | -0.09 | 1.72
LQPY42Aq200 | -0.64 | 0.13 | 0.60 | 0.89 | -0.44 | -0.04 | 0.33 | 0.55
LQPY42Aq400 | 1.06 | 0.45 | 0.46 1.24 | 1.08 | 0.43 | 0.41 1.23
LQPV19Aq200 | -0.73 | -3.05 | -2.82 | 4.22 | -0.54 | -3.35 | -3.31 | 4.74
LQPV19Aq400 | -2.31 | -4.16 | -2.92 | 5.58 | -2.20 | -4.26 | -3.32 | 5.83
LQPG7Aq200 | 1.33 | -0.95 | -2.36 | 2.87 | -0.04 | 0.38 | -0.08 | 0.39
LQPG7Aq400 | 0.51 | 1.85 | -4.00 | 4.44 |-150| 470 | 0.01 | 4.93

BRERA- Maimeri®- AQUAZOL 200° retouching methods

SCI SCE
AL* Aa* Ab* | AEab* | AL* Aa* Ab* | AEab*
BRPW6AQ200 | 0.45 | 0.03 | 0.05 | 0.46 | 0.42 | 0.02 | 0.04 | 0.42
BRPW6AQ400 | -1.47 | 0.10 | 0.37 1.52 |-1.28 | 0.08 | 0.33 1.33
BRPB29Ag200 | 1.06 | 2.04 | -2.97 | 3.76 | 1.14 | 1.55 | -2.80 | 3.39
BRPB29Aq400 | 0.44 | 3.45 | -3.15 4.69 0.44 | 3.33 | -3.21 4.64
BRPY42Aq200 | 0.23 | -0.16 | -0.41 | 0.50 | 0.13 | -0.10 | 0.35 | 0.39
BRPY42Aq400 | -0.36 | -0.10 | -0.03 | 0.37 | -0.33 | -0.07 | 0.27 | 0.43
BRPV19Aq200 | -0.64 | -1.22 | -0.93 | 1.66 | -0.84 | -0.90 | -0.49 | 1.32
BRPV19Aq400 | -1.99 | -1.79 | -1.41 3.02 -1.77 | -2.08 | -1.86 3.31
BRPG7Aq200 | -0.43 | 2.62 | -1.77 | 3.19 | -0.58 | 3.18 | -1.92 | 3.76
BRPG7Aq400 | 0.12 | -0.23 | -0.59 | 0.64 | 0.35 | -0.86 | -0.85 | 1.26

Sample ID

Sample ID

Sample ID

Tab. 3.2-21: The color variations induced by the UV-light ageing of the retouching formulations containing
the Aquazol 200°®resin binder. The total color variation (AE*,,) is shown, together with the variations of
lightness (AL*) and chromaticity coordinates (Aa* and Ab*). Data were calculated from values acquired
including and excluding the specular reflectance (SCl and SCE methods ). The bold font is used for those
variations that, being higher than 5, are supposed to be discernible to naked eye examination.
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3.2 Inpainting treatments: evaluation of innovative materials and methods

DISCERNIBLE COLOR VARIATIONS
FLPB29Aq before ageing (25X-LM) FLPB29Aq after 400h of UV-light ex. (25X-LM)

LQPV19Aq before ageing (25X-LM)

LQPV19Aq after 400h of UV-light ex. (25X-LM)
.‘! } {]
A ¥

FLPG7Aq before ageing (25X-LM) FLPG7Aq after 400h of UV-light ex. (25X-LM)

Tab.3.2-22: Comparing the appearance of Aquazol 200® based samples before and after ageing: even
though the measured color variations are quite high (FLPB29Aq AE,,*~9; LQPV19Aq AE,,*~6; FLPG7Aq
AE,,*~8), the color changes are barely discernible to the naked eye.

3.2.2.2 Evaluation of the drawbacks of using the Europium (lll) complex

The suitability of the Europium (l1l) complex as UV-discernible pigment to use within the
conservation field should satisfy a number of different criteria.

First of all it should not affect the stability properties of the materials it is added to.

For this reason the ageing processes of the paint layers cast with the retouching
formulations containing the Europium (lll) complex were followed through FTIR
spectroscopy analysis, colorimetric measurements, Light and Scanning Electron
Microscopy examinations. These data were compared to those gathered studying the
stability of the pure retouching formulations.
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FTIR SPECTROSCOPY ANALYSIS

Upon 400 hours of UVA-light exposure, the spectra collected from the majority of the
artists’ grade emulsion paints containing the Europium(lll) complex did not significantly
differ from those collected from the respective pure paints.

This was especially true for the Heavy-Body (Liquitex®) and Brera (Maimeri®) samples.
By way of example the spectra from the Transparent Raw Sienna (PY42) Heavy-Body
(Liguitex®) paint are shown in figure 3.2-11. Since the position and intensity of the
absorption features of the spectra are very similar, the Europium complex (lll) is
supposed not to influence the ageing process of the paint.

When considering Flashe® (Lefranc&Bourgeois) vinyl paints instead, slight differences in
the intensity of the carbonyl stretching band were sometimes detected. As displayed in
figure 3.2-12, the intensity of the band at 1738 cm™ is slightly lower when considering
the aged paint added with the Europium (lll) complex. Even though these differences are
minor, the influence of the complex in enhancing the degradation of vinyl binders should
be better investigated.78

- LQPY42 sample 400h of UVA-light exposure
0.25

- LQPY42PEu sample 400h of UVA-light exposure

0.20 |

Absorbance Units

0.05 |

0.00 |

3500 3000 2500 2000_ 1500 1000
Wavenumber cm

Fig.3.2-11:Studying the influence of the Europium (Ill) complex on the stability of acrylic paints: spectra
from the Transparent Raw Sienna (PY42) Heavy Body-Liquitex® paint, added (red) or not (black) with the
complex, after 400h of UVA-light exposure.

% It is to notice that, when studying the ageing of mural paintings, the FTIR spectra could be affected by
some support contamination. If further research is carried out in order to assess the role played by the
complex in affecting resins’ degradation, it will be preferable to test free-film samples.
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- FLPB29 sample 400h of UVA-light exposure

- FLPB29PEu sample 400h of UVA-light exposure
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Fig.3.2-12:Studying the influence of the Europium (lll) complex on the stability of vinyl paints: the spectra
from the Ultramarine Blue (PB29) Flashe®- L&B paint, added (red) or not (black) with the complex, after
400h of UVA-light exposure.

After 400 hours of UVA-light exposure, the spectra of the Laropal A81® formulations
containing the Europium (lll) complex looked very similar to those collected for the
respective pure formulations (figures 3.2-13 and 3.2-14). Even though some differences
were at times detected in the intensity of the bands related to the development of
photooxidation products (1800 + 1600 cm™ area), the role played by the complex in
worsening the degradation process of the resin seemed to be negligible.

14 —>FLPY42Lr sample after 400h of UVA-light exposure

—>FLPY42LrEu sample after 400h of UVA-light exposure
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Fig.3.2-13:Studying the influence of the Europium (Ill) complex on the stability of Laropal A81°®
formulations: the spectra from FLPY42Lr (black) and FLPY42LrEu (red) formulations after 400 hours of
UVA-light exposure.
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1.4_| >FLPB29Lr sample after 400h of UVA-light exposure
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Fig.3.2-14: Studying the influence of the Europium (lll) complex on the stability of Laropal A81®
formulations: the spectra from FLPB29Lr (black) and FLPB29LrEu (red) formulations after 400 hours of
UVA-light exposure.

In the majority of the cases, the spectra of the slightly aged Aquazol 200® formulations
containing the Europium (lll) complex, were very similar to those of the respective pure
formulations (see figure 3.2-15).

14| > BRPB29Ag sample 400h of UVA-light exposure
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Fig.3.2-15:Studying the influence of the Europium (lll) complex on the ageing process of Aquazol 200®
formulations: the spectra from BRPB29Aq (black) and BRPB29AqEu (red) formulations after 400 hours of
UVA-light exposure.
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As shown in figure 3.2-16, in comparison with the spectra of the pure aged paints, the
spectra of the formulations containing the complex could present: an increment in the
intensity of the band between 1730+1725 cm™ (related to the development of
photooxidative reaction products) and a decrement of the band around 1630 cm™
(stretching of the polymer tertiary amide).

Even though these differences were minor, the influence of the complex in enhancing
the degradation processes of the p(2-ethyl-2-oxazoline) resin should be better
investigate.

1.4] - FLPV19Aqg sample 400h of UVA-light exposure

- FLPV19AgEu sample 400h of UVA-light exposure
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Fig.3.2-16: Studying the influence of the Europium (lll) complex on the stability of Aquazol 200®
formulations: the spectra from FLPV19Aq (black) and FLPV19AqEu (red) formulations after 400 hours of
UVA-light exposure.

MORPHOLOGICAL CHARACTERIZATION

In order to fully evaluate the potential influence of the Europium (lll) complex in
affecting the stability of the retouching formulations, the painted surfaces were carefully
studied through LM and, in some cases, SEM examinations.”®

In the attempt of focusing the attention on the most relevant results, only some of the
pictures taken at SEM are displayed in Table 3.2-23.

Upon 400 hours of UVA-light exposure, no relevant differences were detected between
the morphological properties of the paint layers cast with the pure retouching
formulations and those cast with the same formulations added with the Europium (lll)
complex.

”® Due to time reasons, Scanning Electron Microscopy examinations were carried out only for the following
samples:BRPW6PEu, BRPB29PEu, BRPY42PEu, BRPV19PEu, BRPG7PEu, BRPW6Lr, BRPW6LrEu, BRPW6AQ
and BRPW6AqEu.
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Even though it is desirable to extend SEM examinations to all the samples, these first
results seemed to confirm that the addition of the complex to the retouching paints did
not significantly affect their stability properties.

Comparing the morphology of the formulations used to inpaint the BRPW6 sample

BRPW6P 400h (5000X-SEl) BRPWG6PEuU 400h (5000X-SEI)

10pm

BRPW6Lr 400h (5000X-SEI)

Topm Topm

BRPW6LrAq 400h (5000X-SEI)

BRPW6Aq400h (5000X-SEI)

J0urn 1opm

Tab. 3.2-23: SEM examinations of the paint layers cast using the retouching paints prepared to inpaint the
BRPW6 sample. Pictures taken after 400 hours of UV-light exposure: the pure retouching formulations (on
the lefts) are compared to those added with the Europium (l1l) complex (on the right). Layers based on the
same medium, present the same morphological features (e.g. fine cracks for Aquazol200®layers).
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COLORIMETRIC MEASUREMENTS

The potential influence of the Europium (lll) complex in affecting the color variation
rates of the retouching formulations, was assessed through colorimetric measurements.

The color variations detected while ageing the retouching paints added with the
complex are shown in tables 3.2-24 (artists’ emulsion paints), 3.2-25 (Laropal A81°®
formulations) and 3.2-26 (Aquazol 200® formulations). In order to better evaluate the
influence of the complex, the values displayed in these tables should be compared to
those detected for the pure retouching formulations: table 3.2-18 (UV-light ageing of
Laropal A81® formulations), table 3.2-21 (UV-light ageing of Aquazol 200® formulations),
table 3.1-35 (UV-light ageing of Flashe®-L&B- paints), table 3.1-38 (UV-light ageing of
Heavy Body-Liquitex® paints), table 3.1-41 (UV-light ageing of Brera-Maimeri® paints).

As shown in table 3.2-24, the addition of the Europium (lll) complex to the emulsion
paints did not worsen their discoloration rates. The total color variations detected at the
end of the 400 hours of UV-light exposure are generally minor (AEab* between 3 and 5)
or negligible (AEab*<3). The only color variations appreciable to naked eye examinations
were those detected for the Flashe® Ultramarine Blue (final AEab* about 9) and the
Heavy Body-Liquitex® Ultramarine Blue samples (final Eab* about 7). These color
variations were anyway lower than those detected for the samples cast with the
respective pure emulsion paints (AEab* about 12 for the Flashe® one, AEab* about 21
for the Heavy Body-Liquitex® one). The AEab* values detected for the paints added with
the Europium (lll) complex are very close to (if not minor than) those detected for the
pure paints.

As shown in table 3.2-25, upon ageing the majority of the Laropal A81® retouching
formulations added with the Europium (Ill) complex showed minor (between 3 and 5) or
negligible (lower than 3) color variations. Higher color variations were detected for:
FLPB29LrEu and BRPB29LrEu samples containing the Ultramarine Deep pigment (final
AE* of 9.15 and 7.73 respectively); the BRPV19LrEu sample containing the
Quinacridone Rose pigment (final AE,,* of 5.09) and the LQPG7LrEu sample, containing
the Phthalo Green pigment (final AE,,* of 7.05).

The addition of the Europium (Ill) complex to the Laropal A81® retouching formulations
did not seem to affect their discoloration rates significantly: the majority of the AEab*
values were very close or lower than those detected when studying the discoloration
process of the pure resins. When the color variations were higher than those detected
for the pure resins (LQPW6LrEu, BRPW6LrEu, BRPB29LrEu, LQPV19LrEu, BRPV19LrEu
and LQPG7LrEu) it was not possible to clearly define the role played by the complex in
worsening the discoloration process, with data being possibly affected by other factors
(such as uneven pigment dispersion) .
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FLASHE® -L&B- added with the Europium (l1l) complex
SCl SCE

AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
FLPW6PEu200 | 0.41 | 0.17 | 0.81 | 0.92 | 0.41 | 0.18 | 0.79 | 0.90
FLPW6PEU400 | 0.28 | 0.22 | 0.67 | 0.76 | 0.37 | 0.21 | 0.63 | 0.76
FLPB29PEu200 | 3.15 | -4.67 | -0.48 5.65 3.20 | -4.77 | -0.39 5.76
FLPB29PEu400 | 4.50 | -7.85 | 0.28 | 9.05 | 4.59 | -8.05 | 0.48 | 9.28
FLPY42PEu200 | 0.19 | 0.07 | 0.17 | 0.27 | 0.22 | 0.06 | 0.18 | 0.29
FLPY42PEu400 | 0.12 | -0.05 | 0.23 | 0.26 | 0.18 | -0.05 | 0.19 | 0.26
FLPV19PEuU200 | -0.38 | -0.56 | -2.30 | 2.40 | -0.36 | -0.59 | -2.20 | 2.30
FLPV19PEuU400 | -0.41 | -0.70 | -2.65 | 2.78 | -0.35 | -0.71 | -2.62 | 2.73
FLPG7PEu200 | 1.85 | -0.59 | 0.35 198 | 1.86 | -0.51 | 0.34 | 1.96
FLPG7PEu400 | 3.25 | 1.05 | -0.53 | 3.46 | 3.26 | 1.19 | -0.58 | 3.52

HEAVY BODY- Liquitex®- added with the Europium (lll) complex
SCl SCE
AL¥ Aa* Ab* | AEab* | AL* Aa* Ab* | AEab*
LQPW6PEU200 | 0.36 | -0.05 | 0.63 | 0.73 | 0.49 | -0.05 | 0.61 | 0.78
LQPW6PEU400 | -0.46 | 0.16 | 0.40 | 0.63 |-0.30 | 0.15 | 0.36 | 0.50
LQPB29PEu200 | 1.68 | 4.19 | -4.77 | 6.57 | 1.77 | 3.79 | -4.59 | 6.21
LQPB29PEu400 | 3.09 | 3.05 | -5.80 | 7.25 | 3.30 | 2.28 | 5.49 | 6.80
LQPY42PEu200 | 0.89 | -0.21 | -1.37 | 1.65 | 0.73 | -0.13 | -0.65 | 0.99
LQPY42PEu400 | 0.81 | -0.39 | -0.60 | 1.08 | 0.79 | -0.35 | -0.29 | 0.92
LQPV19PEu200 | -1.13 | -1.30 | 1.14 | 2.06 | -1.15 | -1.22 | 1.52 | 2.27
LQPV19PEu400 | -1.56 | -1.89 | 0.89 | 2.61 |-1.60 | -1.82 | 1.33 | 2.76
LQPG7PEu200 | 1.21 | -2.90 | -0.42 | 3.17 | 1.28 | -2.63 | -0.41 | 2.95
LQPG7PEu400 | 0.64 | -0.43 | -1.81 | 1.97 | 0.71 | -0.11 | -1.87 | 2.00

BRERA- Maimeri®- added with the Europium (l1l) complex

SCl SCE
AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
BRPW6PEU200 | 0.16 | -0.15 | 0.30 | 0.38 | 0.20 | -0.15 | 0.29 | 0.38
BRPW6PEU400 | -0.38 | -0.32 | 0.11 | 0.51 | -0.28 | -0.33 | 0.07 | 0.44
BRPB29PEU200 | 0.96 | -3.70 | 1.62 | 4.15 | 1.04 | -3.81 | 1.71 | 4.31
BRPB29PEu400 | 1.26 | -3.83 | 1.33 | 4.25 | 1.38 | -3.95 | 1.40 | 4.41
BRPY42PEu200 | 1.23 | -0.13 | -146 | 191 | 1.27 | -0.11 | -144 | 1.92
BRPY42PEu400 | 0.74 | -0.16 | -0.78 | 1.09 | 0.82 | -0.16 | -0.83 | 1.18
BRPV19PEU200 | -1.22 | -1.82 | -0.41 | 2.23 | -1.22 | -1.77 | -0.38 | 2.19
BRPV19PEu400 | -0.82 | -0.16 | 1.90 | 2.08 | -0.83 | 0.00 | 1.71 1.90
BRPG7PEuU200 | 0.21 | -0.24 | -0.42 | 0.52 | 0.15 | 0.10 | -0.43 | 0.46
BRPG7PEu400 | -0.25 | 1.34 | -0.82 | 1.60 | -0.27 | 1.49 | -0.93 | 1.78

Sample ID

Sample ID

Sample ID

Tab. 3.2-24: The color variations induced by the UV-light ageing for the artists’ emulsion paints added with
the Europium (lll) complex. The total color variation (AE*,;) is shown, together with the variations of
lightness (AL*) and chromaticity coordinates (Aa* and Ab*). Data were calculated from values acquired
including and excluding the specular reflectance (SCl and SCE methods ). The bold font is used for those
variations that, being higher than 5, are supposed to be discernible to naked eye examination.
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FLASHE®- L&B- LAROPAL A81° retouching methods — Eu(lll) compl.

Sample ID Scl SCE
AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
FLPW6LrEu200 | -0.62 | -0.93 | -0.01 | 1.12 | -0.52 | -0.90 | -0.01 | 1.04
FLPW6LrEu400 | -0.49 | -0.94 | 0.16 | 1.07 | -0.33 | -0.93 | 0.13 | 0.99
FLPB29LrEU200 | 3.65 | -3.62 | -2.25 | 5.61 | 3.63 | -3.58 | -2.25 | 5.58
FLPB29LrEu400 | 6.10 | -6.19 | -2.86 | 9.15 | 5.21 | -6.87 | -1.50 | 8.76
FLPY42LrEu200 | -0.13 | -0.59 | 1.19 1.33 | -0.08 | -0.60 | 1.10 | 1.25
FLPY42LrEu400 | -0.91 | -1.15 | 1.13 1.85 |-0.82 | -1.15| 096 | 1.71
FLPV19EuLr200 | -1.06 | -1.17 | -0.25 1.60 -1.03 | -1.12 | -0.30 1.55
FLPV19EuLr400 | -0.99 | -0.98 | 0.71 1.56 | -0.94 | -0.89 | 0.49 1.39
FLPG7EuLr200 | -0.58 | -1.39 | 0.96 | 1.79 | -0.59 | -1.47 | 1.00 | 1.88
FLPG7EulLr400 | -0.07 | -1.16 | 0.98 1.53 | -0.06 | -1.19 | 1.00 1.56
HEAVY BODY- Liquitex®- LAROPAL A81° retouching methods - Eu(lll) compl.
Sample ID scl SCE
AL* Aa* Ab* | AEab* | AL* Aa* Ab* | AEab*
LQPW6LrEu200 | -1.93 | -0.32 | 0.38 1.99 |-2.01|-0.31| 042 | 2.07
LQPW6LrEu400 | -3.27 | -0.14 | 0.67 | 3.34 | -3.24 | -0.14 | 0.67 | 3.31
LQPB29LrEu200 | -0.67 | -0.60 | 1.48 1.73 |-0.76 | 0.00 | 1.17 1.39
LQPB29LrEu400 | 0.06 | 1.79 | -1.18 | 2.15 | 0.07 | 2.02 | -1.34 | 2.42
LQPY42LrEu200 | 0.38 | 0.53 | 3.39 | 3.45 | 0.43 | 0.47 | 3.11 | 3.18
LQPY42LrEu400 | 0.33 | -0.42 | 0.00 | 0.54 | 0.37 | -0.40 | -0.01 | 0.55
LQPV19LrEu200 | -2.66 | -2.60 | 2.65 | 4.57 |-2.59 | -2.41 | 2.19 | 4.16
LQPV19LrEu400 | -2.85 | -3.09 | 1.09 | 4.34 |-2.70 | -2.86 | 0.42 | 3.95
LQPG7LrEu200 | 1.97 | -6.10 | 2.55 | 6.90 | 2.53 | -6.83 | 2.08 | 7.58
LQPG7LrEu400 | 2.61 | -6.40 | 1.38 | 7.05 | 3.28 | -6.86 | 0.75 | 7.64
BRERA- Maimeri®- LAROPAL A81° retouching methods- Eu(lll) compl.
Sample ID scl SCE
AL* Aa* Ab* | AEab* | AL* Aa* Ab* | AEab*
BRPW6LrEU200 | -2.39 | -0.16 | -0.76 | 2.51 | -2.38 | -0.16 | -0.75 | 2.50
BRPW6LrEU400 | -2.85 | 0.14 | -0.64 | 2.92 |-2.79 | 0.12 | -0.65 | 2.86
BRPB29LrEu200 | -1.92 | -2.19 | -5.18 | 5.94 | -2.28 | -2.55 | -5.93 | 6.85
BRPB29LrEu400 | -7.28 | 1.12 | -2.37 7.73 -8.19 | 2.71 | -4.76 9.85
BRPY42LrEu200 | -0.29 | -0.21 | -0.11 | 0.38 | -0.23 | -0.23 | -0.32 | 0.46
BRPY42LrEu400 | 0.20 | 0.22 | 0.22 | 0.37 | 0.29 | 0.20 | 0.06 | 0.36
BRPV19LrEu200 | -2.36 | -2.39 | 4.52 | 5.63 | -2.32 | -2.24 | 4.16 | 5.27
BRPV19LrEu400 | -2.93 | -3.40 | 2.40 | 5.09 | -2.82 | -3.23 | 1.92 | 4.70
BRPG7LrEu200 | -0.54 | 1.95 | 0.07 | 2.02 | -0.56 | 1.98 | 0.09 | 2.06
BRPG7LrEu400 | -0.74 | 2.78 | -0.32 | 2.90 | -0.72 | 2.71 | -0.36 | 2.83

Tab. 3.2-25: The color variations

examination.

induced by the UV-light ageing of

the LaropalA81®retouching
formulations containing the Europium (lll) complex. The total color variation (AE*,.) is shown, together
with the variations of lightness (AL*) and chromaticity coordinates (Aa* and Ab*). Data were calculated
from values acquired including and excluding the specular reflectance (SCI and SCE methods ). The bold
font is used for those variations that, being higher than 5, are supposed to be discernible to naked eye
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FLASHE® - L&B- AQUAZOL 200°® retouching methods - Eu(lll) compl.
SCI SCE
AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
FLPW6AQEU200 | -0.02 | -0.43 | -0.33 | 0.54 | 0.04 | -0.41 | -0.34 | 0.54
FLPW6AQEU400 | -0.35 | -0.38 | -0.15 | 0.54 | -0.21 | -0.36 | -0.15 | 0.46
FLPB29AQEuU200 | 4.80 | -6.92 | 450 | 9.54 | 4.85 | -6.59 | 4.63 | 9.40
FLPB29AQEu400 | 7.01 | -8.42 | 5.67 | 1234 | 7.05 | -8.00 | 5.68 | 12.08
FLPY42AqEu200 | 0.44 | -1.20 | -3.29 | 3.53 | 0.48 | -1.18 | -3.16 | 3.41
FLPY42AqEu400 | 0.84 | -0.99 | -3.95 | 4.16 | 091 | -0.99 | -3.76 | 3.99
FLPV19AQEuU200 | 1.36 | -3.18 | -2.75 | 4.42 138 | -3.12 | -2.58 | 4.28
FLPV19AQEuU400 | 1.66 | -4.14 | -3.45 | 5.63 1.64 | -4.10 | -3.26 | 5.49
FLPG7AqEu200 | 494 | 3.09 | -093 | 590 | 493 | 3.11 | -0.95| 5.91
FLPG7AqEu400 | 7.05 | 4.05 | -1.47 | 826 | 7.07 | 4.13 | -1.53 | 8.33
HEAVY BODY- Liquitex®- AQUAZOL 200° retouching methods - Eu(lll) compl.
SCI SCE
AL* | Aa* | Ab* | AEab* | AL* | Aa* | Ab* | AEab*
LQPW6AQEU200 | -2.18 | -0.41 | -0.85 | 2.38 | -1.71 | -0.40 | -0.94 | 1.99
LQPW6AQEU400 | -2.08 | -0.23 | -0.90 | 2.28 | -1.78 | -0.23 | -0.96 | 2.04
LQPB29AgEuU200 | -4.75 | -4.83 | 0.40 | 6.78 | -5.39 | -2.89 | -1.89 | 6.40
LQPB29AgEu400 | -4.86 | -4.20 | 0.10 | 6.43 | -5.52 | -2.11 | -2.33 | 6.35
LQPY42AqEu200 | 0.06 | -1.03 | -1.84 | 2.11 | 0.08 | -0.98 | -1.81 | 2.06
LQPY42AqEu400 | -0.24 | -1.42 | -1.36 | 198 |-0.29 | -1.35 | -1.30 | 1.89
LQPV19AqEuU200 | -2.42 | -3.47 | -2.24 | 4.78 | -2.59 | -3.07 | -1.62 | 4.33
LQPV19AqEu400 | -2.63 | -4.98 | -3.48 | 6.62 | -2.53 | -4.56 | -4.24 | 6.73
LQPG7AqEu200 | 0.21 | 0.16 | -0.59 | 0.64 | 0.58 | -1.56 | -0.35 | 1.70
LQPG7AqEu400 | 0.45 | -0.24 | -1.32 1.42 1.14 | -2.55 | -1.46 3.15
BRERA- Maimeri®- AQUAZOL 200° retouching methods - Eu(lll) compl.

SCI SCE
AL* Aa* Ab* | AEab* | AL* Aa* Ab* | AEab*
BRPW6AQEU200 | -0.64 | -0.54 | 0.65 1.06 | -0.50 | -0.53 | 0.62 | 0.95
BRPW6AQEuU400 | -3.06 | -0.63 | -0.74 | 3.21 | -2.97 | -0.63 | -0.72 | 3.12
BRPB29AQEuU200 | -2.69 | -7.06 | 5.60 | 9.40 | -2.87 | -5.92 | 4.22 | 7.81
BRPB29AQEu400 | -2.52 | -5.81 | 4.44 | 7.73 | -2.66 | -4.66 | 3.08 | 6.19
BRPY42AqEu200 | -0.41 | -0.43 | -2.45 2.52 -0.37 | -0.43 | -2.37 2.44
BRPY42AqEu400 | -0.25 | -0.62 | -3.13 | 3.20 | -0.45 | -0.49 | -1.49 | 1.63
BRPV19AqEu200 | -2.51 | -4.04 | -2.20 | 5.24 | -2.20 | -4.28 | -2.86 | 5.60
BRPV19LrEu400 | -2.34 | -3.75 | -2.08 4.88 -1.97 | -4.05 | -2.89 5.35
BRPG7AqEu200 | -0.71 | 1.81 | 0.62 | 2.04 |-0.64 | 1.38 | 0.63 1.65
BRPG7AqEu400 | -0.98 | 2.99 | -0.32 | 3.17 | -0.89 | 2.55 | -0.45 | 2.74

Sample ID

Sample ID

Sample ID

Tab. 3.2-26: The color variations induced by the UV light ageing of Aquazol200® retouching formulations
containing the Europium (Ill) complex. The total color variation (AE*,.) is shown, together with the
variations of lightness (AL*) and chromaticity coordinates (Aa* and Ab*). Data were calculated from values
acquired including and excluding the specular reflectance (SCl and SCE methods ). The bold font is used for
those variations that, being higher than 5, are supposed to be discernible to naked eye examination.
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3.2 Inpainting treatments: evaluation of innovative materials and methods

As shown in table 3.2-26, upon ageing many of the Aquazol 200® formulations added
with the Europium (lll) complex underwent minor (3 < AE;p* < 5) or negligible (AE.,* < 3)
color variations. Higher changes were detected for: the three formulations containing
the Ultramarine Deep pigment (FLPB29AqgEu, final AE,,* of 12.34; LQPB29AqEu final
AE,* of 6.43; BRPB29AgEu, final AE,n* of 7.73); two formulations containing the
Quinacridone Rose pigment (FLPV19AqEu, final AE,,* of 5.63, LQPV19AqEu, final AE,,*
of 6.62); the FLPG7AgEu formulation (final AE,,* of 8.26).

In the majority of the cases, the AEab* values detected for the formulations added with
the complex were higher than those detected for the pure retouching paints. As already
seen for the Laropal A81® formulations, it was however not possible to clearly define the
role played by the complex in worsening these variations, with data being likely affected
by other factors (such as uneven pigment dispersion).

3.2.2.3 Discernibility issues: the stability of the Europium (lll) complex

The suitability of the Europium (lll) complex as pigment to use for enhancing the
discernibility of the inpainted areas, is finally related to its durability.

At different steps of the ageing, the surfaces of the mock-ups were examined under UV
light (using a Wood’s lamp, A 365 nm) in order to qualitatively assess the lasting
properties of the luminescence phenomenon.

As shown in figure 3.2-17, after 100 hours of exposure, an early drop in the intensity of
the naked-eye discernible luminescence was detected. Extending the ageing, the
luminescence tended to further decrease and, after 400 hours of exposure, the
discernibility of some areas added with the Europium (lll) complex was almost lost. This
was the case of the formulations containing the Phthalo Green (PG7) pigment that, from
the beginning, were characterized by lower luminescence intensities.

The degradation process of the Europium (lll) complex was tentatively followed through
FTIR spectroscopy analysis.

As already pointed out, it was not always possible to detect the absorptions related to
Europium (Ill) complex in the FTIR spectra of the unaged samples (section 3.2.1.4
Chemical characterization of the formulations added with the Europium (lll) complex,
tab. 3.2-10). In the majority of the cases, the absorption bands falling around 1595 cm™,
1550 cm™ and 1515 cm™ can be however chosen as FTIR spectroscopy marker of the
Eu(DBM)sphen compound. Monitoring the variations in the intensity of these bands, the
chemical stability of the complex was tentatively evaluated. The results are reported in
Table 3.2-27.

tis always preferable to use durable materials which allow log-term treatments, limiting the risks and
costs of frequent re-treatments.
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BRPW6 - Oh BRPW6™-100h BRPW6 - 400h

|

BRPV19 - Oh BRPV19 - 400h

BRPG7 - Oh : BRPG7-400h

Fig. 3.2-17: Three Brera (Maimeri®) samples inpainted with various retouching media, added or not with
the Europium (lll) complex. The picture were taken under the light of a Wood’s lamp (365 nm) at different
steps of the ageing. After 400h of exposure, the intensity of the naked-eye discernible luminescence of the
retouching paints containing the Phthalo Green pigment (PG7) is almost lost (BRPG7-400h picture).
Arrows point out those areas exposed to the ageing conditions.

- Reference Eu(DBM);phen

- BRPG7P (0Oh UVA-light exp.)
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Fig. 3.2-18: Monitoring the absorption features of the Europium (lll) complex at different steps of the
ageing: BRPG7PEu retouching paint. After 200 hours of UVA-light exposure the bands ascribable to the
luminescent compound are not detected anymore.
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3.2 Inpainting treatments: evaluation of innovative materials and methods

FLASHE INPAINITNGS

LIQUITEX INPAINITNGS

BRERA INPAINITNGS

Retouching Eu-compl. Retouching Eu-compl. Retouching Eu-compl.
Formualtions | features (cm'l) Formualtions | features (cm'l) Formualtions features (cm‘l)
FLPWG6PEuU until 400h 1595 LQPWG6PEuU until 100h 1595 BRPWG6PEU -
until 200h 1555
FLPWG6AQEu - LQPWG6AQEuU and 1515 BRPWG6AQEuU -
FLPW6LrEu - LQPW6LrEu until 200h 1555 BRPWG6LrEu until 100h
1550sh
FLPB29PEu until 200h 1596 LQPB29PEu unt;lnldoggll5595 BRPB29PEu n.d. after 100h
FLPB29AqEu - LQPB29AqgEu n.d. after 100h BRPB29AgEu n.d. after 100h
FLPB29LrEu | n.d.after 100h | LQPB29LrEu | n.d.after 100h | BRPB29LrEu ”rl'glségg h
until 400h
FLPY42PEu until 200h 1596 LQPY42PEu 1595sh, 1550, BRPY42PEu -
1518sh
FLPY42AqEu - LQPY42AqEu until 100h 1550 BRPY42AqEu ur1]t5”53(5)r?h
FLPY42LrEu until 400h 1595 LQPY42LrEu until 100h 1550 BRPY42LrEu -
until 400h .
FLPV19PEU - LQPV19PEU 15552, until BRPV19PEuU 15‘;22" ig(l)gsh
200h 1518 v
until 400h .
FLPV19AqEu - LQPV19AqEu 15552, until BRPV19AqEu ”{';g:io?h
200h 1518 ’
FLPV19LrEu - LQPV19LrEu - BRPV19LrEu -
until 100h until 100h 1550,
FLPG7PEu - LQPG7PEu 1595sh BRPG7PEu 1518
FLPG7AgEU - LQPG7AGEU | until 100h 1518 | BRPG7AqEu unlt'sl fso?Oh
FLPG7LrEu n.d. after 100h LQPG7LrEu n.d. after 100h BRPG7LrEu u;;g;sigh

Tab 3.2-27: Monitoring the absorption features related to Eu(DBM);phen at different steps of the ageing.

The question mark (?) is used in case of uncertain attribution. The hyphen (-) is used when it was not

possible to detect the features related to the complex in the spectra of the unaged samples. n.d. = not

detected

For 8 samples out of 30, it was not possible to detected the absorption features related

to the complex after only 100 hours of exposure. These samples mainly contained the
Ultramarine Deep (PB29) or the Phathlo Green (PG7) pigments (figure 3.2-18).

The absorption features related to the complex were detectable until 100 hours of
exposure for 9 samples, until 200 hours for 7 samples.

Only for 3 samples out of 30, it was still possible to detected the features related to the

complex at the end of the ageing.®' These three samples all contained the Mars Yellow

pigment (PY42, figure 3.2-19).

¥For the remaining two samples (BRPV19AqgEu, and BRPG7AqEu) the detection of the complex related
features at the end f the ageing was uncertain (due to the pigment absorptions which partially overlap
those of the complex).
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- Reference Eu(DBM);phen

- LQPY42P (0h UVA-light exp.)

- LQPY42PEu (0h UVA-light exp.)
- LQPY42PEu (200h UVA-light exp.)
- LQPY42PEu (400h UVA-light exp.)

1595

Absorbance (a.u.)

1600 1400 1200 1000 800 600
Wavenumber cm™

Fig. 3.2-19: Monitoring the absorption features of the Europium (Ill) complex at different steps of the
ageing: LQPY42PEu retouching paint. After 400 hours of UVA-light exposure the bands ascribable to the
luminescent compound are barely but still detectable.

At the end of the ageing, some of the samples (BRPW6PEu; BRPB29PEu; BRPY42PEu;
BRPV19PEu; BRPG7PEu; BRPW6AgEuU and BRPW6LrEu) were investigated using Scanning
Electron Microscopy. Energy Dispersive X-ray (EDX) analysis were also carried out,
considering areas and local points, in order to verify the chemical composition of the
aged paint layers. It was pointed out that, all the samples were still characterized by the
presence of the Europium element.

By way of example, the results gathered from the aged BRPG7PEu sample are presented
in table 3.2-28. The images taken at 5000X using Secondary and Backscattered electrons
are shown, together with the EDX spectrum collected from a point (which looked bright
in the BSE image): even if, after 400h of UVA-light ageing the red luminescence was not
discernible to the naked-eye (Fig. 3.2-17), the EDX analysis confirmed the presence of
the Europium in the paint layer.
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BRERA Phthalo Green paint added with the Europium (lll) complex (BRPG7PEu)- after 400h of ageing

Secondary Electrons Image (5000X) Back Scattered Electrons Image (5000X)
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Tab. 3.2-28: The table shows the main results gained studying the surface of the BRPG7PEu retouching
paint after 400 hours of UVA-light exposure. Two images, taken using SElI and BSE at the same
magnifications (5000X) are presented, together with an EDX spectrum collected for a point.

The EDX analysis confirms the presence of the Europium.

Considering the results coming from both, FTIR spectroscopy and SEM-EDX analysis, it is
therefore reasonable to suppose that, the luminescence drop was caused by
degradation processes involving the coordination ligands of the complex.

As better explain in Chapter 1 (1.3.1 Luminescent lanthanide complexes), only a limited
amount of radiation is absorbed by direct excitation in the 4f levels of the Europium (lIl)
ion. On the contrary, much more light can be absorbed by the organic ligands of the
complex. The excitation energy is then transfered from the ligands to the Europium (lll),
causing the strong red luminescence (typical of the lanthanide ion itself).

If the structure of the complex is affected, the so called antenna effect played by the
ligands is lost and only a weak luminescence is seen.
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3.2.2.4 Reversibility issues

A suitable retouching material is expected to present a low potential for damaging the
original paint layers during both, application and removal. This means that it should be,
and remain, soluble in solvents which do not affect the surrounding original paint layers.

The reversibility of the unaged and differently aged (200 hours and 400 hours of UVA-
light exposure) retouching paints, was therefore tested by carrying out some solubility
tests. For this purpose, the 30 samples listed in Table 2.2-5 (Chapter 2, section 2.2.2.3
Reversibility issues) were used.

Each retouching medium was swabbed with the solvent in which it was initially soluble:
deionised water for Aquazol 200® resin and the ShelsollD40-ShelsollA mixture for
Laropal A81° resin.

In the attempt of removing the artists’ emulsion paints, Shellsol D40 was instead used.
This solvent was actually expected to partially dissolve the Regalrez 1094°® interface
layer. Each sample was swabbed for 30 seconds.

The ease of removal and the potential damage caused to the original paint layers were
evaluated subjectively, by checking the surface appearance of the cotton swabs.

At first, the response of the reference paint layers to the solvents was tested: they were
not affected by Shellsol D40 solvent, their sensitivity to deionised water was actually
negligible,82 while they were slightly affected by the ShellsolD40-ShellsolA mixture.

This means that, Regalrez 1094 ® and Aquazol 200°® resins do not show any potential of
damaging the original paint layers during the application, the use of LaropalA81® needs
instead more care.

The results of the reversibility tests carried out for Aquazol 200® and Laropal A81°®
formulations are fully listed in the tables 3.2-29 and 3.2-30.

To allow a better comparison of the results, a sort of ‘score’ system was tentatively
used: ++ indicating an optimal result (total removal of the treatment, no significant
paint residues on the surface of the mortar); + indicating a positive result which could be
further improved by going on with the swabbing (removal of the treatment, some paint
residues on the surface of the mortar); + - indicating those cases where the paint layers
were actually removed, but leaving irreversible residues; - indicating those cases were
the removal was not achieved but low solubility was detected; -- indicating those cases
were the removal was not achieved and no solubility was detected.

¥These results are consistent with the information reported in the specialized literature as far as the
results of cleaning trials carried out on acrylic and vinyl paint layers, already referenced in the
introduction.
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TESTING the SOLUBILITY of AQUAZOL 200°® based paint layers in DEIONIZED WATER

Sample ID Oh 200h 400h Oh (Eu) 200h (Eu) | 400h (Eu)
FLPW6_R1 + + + + + +
FLPB29_R1 + + + + + +
FLPY42_R1 + + + + + +
FLPV19_R1 +- + - +- +- +- +-
FLPG7_R1 + - + - + - + - + - + -
LQPW6_R1 ++ ++ ++ ++ ++ ++
LQPB29_R1 ++ ++ ++ ++ ++ ++
LQPY42_R1 ++ ++ ++ ++ ++ ++
LQPV19 R1 +- + - +- +- +- +-
LQPG7_R1 +- + - +- +- +- +-
BRPW6_R1 ++ ++ ++ ++ ++ ++
BRPB29_R1 ++ ++ ++ ++ ++ ++
BRPY42_R1 ++ ++ ++ ++ ++ ++
BRPV19 R1 + + + + + +
BRPG7_R1 +- + - +- +- +- +-

Tab. 3.2-29: The results of the reversibility tests carried out for unaged and slightly aged Aquazol 200®
retouching paints. The formulations containing the Europium (l1l) complex were tested as well.

++ optimal reversibility, + good reversibility (improvable prolonging the swabbing), + - good reversibility
but residues which cannot be removed, - no reversibility but some solubility, - - no reversibility and no
solubility

TESTING the SOLUBILITY of LAROPAL A81® based paint layers in SHELLSOL D40-SHELLSOLA

Sample ID Oh 200h 400h 0Oh (Eu) 200h (Eu) | 400h (Eu)
FLPW6_R2 + - -- + - - -
FLPB29_R2 ++ - - - ++ - - -
FLPY42_R2 ++ + - ++ + -
FLPV19_R2 + - -- + - - -
FLPG7_R2 +- - - - +- - - -
LQPW6_R2 ++ - -- ++ - --
LQPB29_R2 + -- - - + - - - -
LQPY42_R2 ++ + - ++ + --
LQPV19_R2 ++ - - - - ++ - - - -
LQPG7_R2 +- - - - +- - - -
BRPW6_R2 + - - - + - - -
BRPB29_R2 + - - - + - - -
BRPY42_R2 ++ + - ++ + --
BRPV19_R2 + - - -- + -- --
BRPG7_R2 +- - -- +- - --

Tab. 3.2-30: The results of the reversibility tests carried out for unaged and slightly aged Laropal A81®
retouching paints. The formulations containing the Europium (l1l) complex were tested as well.

++ optimal reversibility, + good reversibility (improvable prolonging the swabbing), + - good reversibility
but residues which cannot be removed, - no reversibility but some solubility, - - no reversibility and no
solubility
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Aguazol 200® and Laropal A81® showed no or low potential of damaging the original
paint layers during application. The unaged retouching paint layers could be actually
removed by swabbing their surfaces with the solvents in which they were initially
soluble. The removal of the formulations containing the Phthalo Green pigment (PG7)
was generally more problematic, since the pigment seemed to irreversibly stain the
mortar.

Upon ageing, the paint layers based on Aquazol 200® were still water-soluble.

Those based on Laropal A81°® instead, could not be removed using the Shellsol D40-
Shellsol A mixture anymore. In most of the cases, this shift in the polarity of the Laropal
A81° resin occurred after only 200 hours of ageing.

The inpainting treatments based on the artists’ emulsion paints could not be removed
by swabbing with Shellsol D40 solvent. In this case, the presence of the Regalrez 1094°®
interface layer did not allow the reversibility of either unaged or slightly aged inpainted
areas. Since the negative results gathered for all the tested areas, it was not of interest
to display them in a table.

In none of the cases the presence of the Europium (lll) complex affected the solubility
properties of the paint layers.

200 400 Eu Eu Eu0
400 200 FLPB29 |
R2

Eu 0 FLPB29

200 400 Eu Eu
400 200 R1

Fig. 3.2-20: The results of the solubility tests carried out to qualitatively evaluate the reversibility of the
materials used for inpainting the Ultramarine Blue (PB29) Flashe® samples. The retouching media were:
the same Flashe® paint (P); an Aquazol 200® based formulation (Aq); a Laropal A81®based formulation
(Lr). The Eu abbreviation is used where the Europium (lll) complex was added (2%w/w). The solubility of
the materials was assessed after different time of UV-light exposure (Oh, 200h, 400h). Pictures refer to
tests carried out using deionised water (FLPB29_R1, on the left) and the ShellsolD40-ShellsolA mixture
(FLPB29_R2, on the right) respectively.
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3.2.3 Discussing Results

The second part of this thesis was undertaken with the aim of exploring the visual,
handling and ageing properties of different paints to use for retouching acrylic/vinyl
mural paintings.

At first, Aquazol 200" and Laropal A81’ synthetic resins were selected as possible media
to test.

A suitable retouching paint should satisfy a number of criteria related to its ability to
properly match the colour and texture of the area to inpaint, and its use in practice.

As expected when comparing solvent based and water based products, Laropal A81®
and Aquazol 200° resins showed different handling properties.

Being characterized by a lower molecular weight, the Laropal A81® resin tended to be
absorbed in the support to a greater extent. The handling properties of Aquazol 200®
resin were instead closer to those of acrylic emulsion paints and, thanks to a higher
viscosity, it was successfully used for creating texture and bodied brushstrokes without
adding significant amounts of additives or extenders.

When adding the resins with the same amount of pigments, the paint layers coming
from the Aquazol200® formulations were glossier than those coming from the Laropal
A81® ones. Thus, attempting to simulate the same texture properties the two media
required different pigment loads (lower for Laropal A81°).

Despite these differences, both resins turned out to be quite versatile and to allow
satisfactory aesthetic results even when inpainting areas characterized by different
textures (ranging from the matt light surfaces of Flashe® paints to the gloss or semi-gloss
surfaces of Heavy Body-Liquitex® and Brera-Maimeri® paints).®

However, these preliminary practical trials pointed out that, preparing the retouching
formulations from pure synthetic resins and powder pigments could be quite
problematic.

First of all, it could be difficult to homogeneously disperse the pigments in the binder.
This depends on both, the chemical nature of the components,® and the pigment
volume concentration. It turned actually out that, the higher was the amount of
pigments included in the formulations, the worse was their dispersion in the media.
Even if adding a surfactant (as Tween 20®), the quality of the dispersion did not
significantly improve, leading to uneven dry paint layers.

®The quality of the result clearly depends on conservator’s personal skills. If inadequate matches were
achieved during the experimentation, it was mainly due to a lack of operator’s experience.

#As reported also by Koneczny, 2010. Moreover, as reported in Appendix 1, the slightly polar character of
Laropal A81° resin should allow excellent pigment wetting (this is one of the reason why it has become
the binding media of Gamblin’s retouching colours). As better explained in Chapter 1 (section 1.2.1.4
Paint additives), the dispersion of organic pigments (such as Quinacridone Rose -PV19- or the Phthalo
Green -PG7-) is more difficult when dealing with aqueous vehicles (e.g. Aquazol 200° resin, dissolved in
water).

237



Chapter 3: RESULTS and DISCUSSION

Moreover, even if carefully paying attention to the relative amount of the components
used to formulate the paints, it was very difficult to work in a reproducible way.®

For these reasons, the artists’ grade emulsion paints were included in the study, and
their properties as retouching media were evaluated as well.

If properly used (‘modified’ formulations), these paints allowed satisfactory aesthetic
results, even when treating discolored areas.

But, besides having adequate visual and handling properties, a suitable retouching
medium should satisfy a number of further technical criteria, related to its compatibility
with the original materials and its stability to exposure weathering conditions.

Being dissolved in solvents which do not substantially affect the original paint layers, the
application of Aquazol 200® and Laropal A81® resins does not show any relevant
potential damage.

After moderate accelerate ageing (400 hours of UVA-light exposure, A 340 nm), the
quality of the match gained with both resins did not vary significantly (as pointed out by
naked-eye and LM examinations and by the low color variations detected through
colorimetric measurements). Aquazol 200® and Laropal A81® resins are likely to allow
long-term treatments.

Anyway, both resins turned out to undergo some early degradation processes upon
ageing.

The Laropal A81® resin was actually prone to photooxidative reactions. Although being
consistent with the pieces of information reported in the specialized literature, this
degradation process developed quite fast in the weathering conditions used.®’

This could be due to an active role played both by the mortar support (surface pH about
8) and the pigments in speeding the process. As far as this latter aspect, the retouching
formulations containing the Ultramarine Blue (PB29) pigment turned out to be
particularly affected by the photooxidative processes.

As the result of photooxidative reactions, the paint layers became harder and more
brittle. The development of new species containing polar functional groups (such as
hydroxyl, ketones and carboxylic acids) led to a shift in the solubility of the resin which,
starting from 200 hours of exposure, could not be dissolved in hydrocarbon solvents
anymore. If retouching outdoor mural paintings with Laropal A81® formulations the

85By the usual means of a restoration laboratory, it will be almost impossible to gain the same hue of color
for two consecutive times.

86Testing the response of the original paint layers to the Shellsol D40-Shellsol A mixture (Laropal
A81°®solvent), some solubility was detected. The use of the Laropal A81® resins needs more care. It is
however to notice that the swabbing time used for carrying out the trials was quite long (30 seconds).

¥For most of the studied samples, the 2 carbonyl peaks started to merge after only 400 hours of
exposure. When exposed to a radiation source simulating daylight through a window glass, unstabilized
films of Laropal A81® resins are known to undergo moderate photooxidative processes, starting from
1432 hours of exposure (de la Rie, et al., 2002).
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paint layers are expected to undergo cracking and the reversibility of the treatment
could be questionable.

The Aquazol 200® resin was likely to undergo concurrent photooxidative and chain-
scissions processes. The development of these degradation reactions needs to be
further studied. As already pointed out for the Laropal A81® resin, it could be interesting
to evaluate the role played by the mortar support and the pigments in affecting the
process. Again, the formulations containing the Ultramarine Blue (PB29) pigment were
the most affected ones.

The degradation processes detected for the Aquazol 200® resin did not substantially
influence the solubility of the paint layers but led to a weakening of their mechanical
properties (fine cracks detected through SEM examinations). This medium satisfies the
reversibility requirement, but could result in paint layers with scarce long-lasting
qualities.

In the context of murals paintings, the original paint surfaces are often matt (high
pigment volume concentrations) and the losses could be quite large (need of preparing
high amounts of retouching paints or of re-preparing the same formulation more than
once).

As already pointed out, to prepare a retouching formulation by adding a pure resin with
powder pigments is often inconvenient, very time-consuming and could lead to poor
results. For these reasons, the option of using commercial emulsion paints could
sometimes be considered. In fact, the similarities between the properties of commercial
products and the original acrylic/vinyl paints allow good quality matches, high
compatibility and good durability of the treatments (because of the similar ageing
response of original and inpainted areas).

However, if turning to commercial paints, the reversibility would be questionable, and
further research should be carried out in the attempt of improving this aspect. These
preliminary results actually pointed out that, when dealing with acrylic/vinyl emulsion
retouching paints, the presence of the Regalrez 1094°® interface layer did not allow a
satisfactory removal of the inpainted areas.

The discernibility between the original and inpainted areas was investigated by carefully
comparing the fluorescence of the different surfaces under UV light (A 365 nm, Wood'’s
lamp).

The better was the match between the inpainted area and the surrounding paint
surface, the lower was its discernibility under UV light. The differences in the chemical
composition of the original paint binders (slightly aged acrylic, vinyl and styrene-acrylic
emulsion resins) and the retouching formulations binders (the same un-aged emulsion
resins, a poly(2-ethyl-2-oxazoline) and an urea-aldheyde resin) were probably too slight
for resulting in appreciable fluorescence differences.
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For this reason a strategy to enhance the difference perceived when comparing original
and inpainted areas under UV light, was studied and the Europium (Ill) complex was
added to the inpainting formulations. When exposed to the light of the Wood’s lamp,
this complex actually shows a strong red luminescence (with the main emission at 612
nm).

Even though all the formulations were added with the same amount of the complex (2%
by weight), the color and intensity of the naked-eye discernible luminescence varied
considering different paint layers.

In order to optimize the luminescence, higher amounts of the complex should be add to
the commercial paints or to those formulations containing pigments that, as the
Phthalocyanine Green (PG7), absorb the red light emitted by the complex itself. Lower
amount of the complex could be used when working with formulations containing the
Quinacridone Red pigment.

Despite the quality of the luminescence, the use of the Europium (Ill) complex in the
conservation field should satisfy a number of further criteria: it should not influence the
guality of the inpainting aesthetic results (thus not affecting the color and texture of the
paint layers), it should not affect the stability of the retouching materials, it should be
finally characterized by high durability to the weathering conditions it will be exposed to.

Generally, the aesthetic properties reached when using the retouching formulations
were not affected by the addition of the Europium (l11) complex.

No variations in the handling properties of the retouching formulations nor in the
morphology of the dry paint layers were induced by the addition of this compound.

Slight color variations were actually perceived only when considering the white
formulations, with those containing the complex looking warmer (more yellowish and
reddish). When dealing with white paints it is therefore preferable to use lower complex
amounts.

The potential role played by the complex in enhancing the degradation processes of the
retouching paints should be further explored. In fact, minor differences were sometimes
detected when comparing the FTIR spectra collected from the aged pure formulations to
those collected from the aged formulations added with the complex (especially when
considering those based on the Aquazol 200® resin).

It could be however noticed that the discoloration rates of the formulations added with
the luminescent compound were very close to those detected for the pure

88

formulations.”™ Moreover, the complex did not affect the solubility properties of both,

unaged and slightly aged paint layers.

®When not so, the differences were likely due to factors not directly related to the presence of the
Europium (lll) complex (such as an uneven distribution of the pigments in the binding media).
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It is therefore reasonable to suppose that, when considering the macroscopic properties
of the painted surfaces, the influence of the complex on the stability of the retouching
paint is actually negligible.

The main concerns as far as the use the Europium(lll) complex to enhance the
discernibility of the retouching materials, is related to the stability of the complex itself.
In the majority of the cases, a significant drop in the intensity of the naked-eye
discernible luminescence was detected upon a moderate ageing (sometimes after only
100 hours of exposure). Data coming from FTIR spectroscopy and SEM-EDX analysis
suggested that UVA-light exposure promoted the degradation of the coordination
ligands, thus affecting the antenna effect and causing the luminescence decrease.

In order to enhance the stability of the Eu(lll) B-diketonate complex it could be possible
to embed it in a optically transparent inorganic or organic material (as silica
nanoparticles, zeolites, polymers, etc...).%’

In order to quantitatively evaluate the properties of the complex (and its stability to the
ageing), photoluminescence emission (PL) and excitation (PLE) measurements are being
carried out on samples cast on canvas supports.”

®The properties of lanthanide based organic-inorganic hybrid materials have been deeply reported. If
compared to the pure complexes, hybrid materials are actually characterized by superior mechanical
properties, better processability, higher thermal stability and luminescence output. Despite the review
presented by Binnemans, 2009; the reader is also referred to Sigoli et al., 2001.
Referring to the luminescence properties of lanthanide complexes doped in polymer matrix: Liu et al.
2003, Liu et al. 2004

% Thanks to the collaboration between Ca’ Foscari University and C.I.V.E.N. (Dr. Francesco Enrichi).
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- Materials Information-

H.LB.™:16.7
c.M.c.™: 0.06 mM (at 20-25°C)

The product was purchased from C.T.S. srl (Spain). (Information coming from the Technical Data Sheet).

SHELLSOL® D40

Shellsol® D40 is derived from Low Aromatic White Spirits which has been highly refined and reacted with
hydrogen to convert aromatics to cycloparaffins. It predominantly consists of C-9 to C-11 paraffins and
napthenics. Its solving power is lower than that of the aromatic hydrocarbon solvents but much higher
than that of the products obtained from extraction processes.

Boiling range (°C): 145-205

Aromatic content: < 0.4 Wt.-%

Flash point (°C): > 38

Sulphur: <1 ppm

Density at 15°C, g/ml: 0.760-0.795
Refractive Index (nD20): 1.4250-1.4360
Relative evaporation rate (Ether:1): 55-70
Kauri-Butanol number (value): 30-31

The solvent was purchased from Kremer Pigmente GmbH & Co.KG (information coming from the Technical
Data Sheet).

SHELLSOL ®A

Solvent naphta (petroleum).

Boiling range (°C): 155-181

Aromatic content: > 97 Wt.-%

Flash point (°C): > 40

Sulphur: <5 ppm

Density at 15°C, g/ml: 0.868-0.880
Refractive Index (nD20): 1.4950-1.5020
Relative evaporation rate (Ether:1): 42-45
Benzol content: < 0.01 Wt.-%
Kauri-Butanol number (value): 90

The solvent was purchased from Kremer Pigmente GmbH & Co.KG (information coming from the Technical
Data Sheet).

" H.LB: Hydrophilic-Lipophilic Balance. When considering non ionic surfactants, the H.L.B. value ranges
from 0 to 20, with 0 corresponding to the highest lipophilic character and 20 the highest hydrophilic
character.

C.M.C: critical micelle concentration. It is the concentration above which micelle are spontaneously
formed.

Since the C.T.S technical data Sheet do not show these important parameters, they were gathered from
Sigma Aldrich.
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