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Re-adhesion between delaminated layers is frequently executed, and is one of the most
important interventions in the field of conservation. Besides general demands like best ageing
properties, the adhesive should be positioned exactly at the desired position and as little new
material as possible should be inserted. In the case of flaking paint on canvas, the aim is to
rejoin the loose paint or the ground layers with the canvas. That requires placing the adhesive
precisely and evenly between the two substrates: the loose paint (or paint and ground) and the
canvas (see Figure 1). The adhesive should not penetrate anywhere except between the two
substrates. In most cases the paint is non-absorbent whereas the fabric is quite the opposite.
Therefore the creation of the desired adhesive layer is a challenging task. However, the
allocation of an applied adhesive in a canvas painting is difficult to trace. The visible result of
an adhesion only provides evidence that at least part of the applied medium has moved to the
intended area, but not to what extent, and where else it is to be found in the object. In fact, the
penetration into locations not intended for adhesion, or in amounts not adequate is very likely.
Since every newly applied material can lead to changes in specific (chemical and physical)
characteristics, in the appearance or can even cause new damages, it is essential to avoid such
outcomes, and to study the penetration behaviour of adhesives in canvas paintings

systematically.
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Figure 1 On the left: flaking paint before conservation, on the right: desired adhesive layer after conservation.

Based on previous studies (Ream 1995; Kessler 1997), researchers at the Academy of Fine Arts
and Design in Stuttgart have initiated a systematic study on the penetration behaviour of
adhesives. In order to study the penetration of colourless adhesives, it is necessary to make them
visible. One option is to mix a colourant to the dissolved adhesive (Winkelmeyer 1999).
However, as there is no chemical bond between the dye and adhesive a chromatographic
separation of the two could result in incorrect observations. A different insecurity occurs in the
histochemical staining of cross sections (Plesters 1956; Wolbers 2000), because similar
chemical groups may occur in the original paint layer and cause staining reactions. Another
option is radioactive marking, but this expensive method requires special laboratory conditions.
In contrast, fluorochromization before application provides a stable chemical bond between the
adhesive and the fluorochrome, and allows a safe detection under a fluorescence microscope
even on the basis of small amounts. Moreover, it is an easy and cheap method, which can be
executed in every laboratory (Maushardt 2004; N6th 2005; Drober 2006; Soppa 2006; Laaser
2010).




The selection of adhesives was based on a world wide enquiry by Ackroyd (2002) on the one
hand and on ageing and solubility properties of the adhesives on the other. Ackroyd’s enquiry
shows that conservators use mostly sturgeon glue and gelatine for re-adhesion of delamination,
probably because, among other reasons, they share the opinion that gelatine penetrates better
than for instance methyl cellulose (MC), as stated by Ream (1995, p. 29). This study seeks to
call into question the assumed properties of gelatine and MC as well as to investigate a mixture
of gelatine and MC with regard to consolidating flaking paint on canvas. In the presented
research, gelatine was employed because it is purer than sturgeon glue and available in different
strength and viscosity grades (ranging from approximately 50-300 bloom). MC Benecel A4C
and gelatine (180/190 bloom) with medium viscosity were chosen as typical representatives of
these adhesives.

Another adhesive chosen for this study was Degalan PQ611, a poly(iso-butyl methacrylate)
(PIBMA, formerly known as Plexigum PQG611). It is mostly used because it dissolves in pure
aliphatic solvents, thus providing a good penetration and hardly any swelling in polar
substrates. After the application an evaporation process starts, transporting the adhesive due to
chromatographic processes (see for example studies of Domaslowski in the field of stone
conservation from 1979 and Michalski 2008). The question arises if it is possible to control this
transport for the purpose of producing the desired adhesive layer between paint and canvas. If
the transport and evaporation processes were unidirectional, it could be possible to direct the
PiBMA to one place, like the space between flaking paint and canvas: for instance by applying
the PIBMA from the back of a painting and afterwards sealing the back, so that evaporation
would only be possible through the cracks in the paint. This procedure was developed and
demonstrated for a 19" century painting by Demuth (1999). To gain further insight into these
penetration and migration processes and also to see, if it is possible to accumulate the adhesive
in the paint/canvas interface, labelled Degalan PQ611 was applied from the back and compared
to an application of adhesive from the front of a canvas painting. Solutions of low percentage
were applied in order to increase the penetration and especially the migration process.

All tests were executed on specially constructed test samples imitating aged, flaking oil paint on
canvas. The employment of test samples allows a qualitative comparison between different
experimental series.
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Fluorochromization of media has the advantage that already small amounts of the marker,
which has a small molecular weight, suffice for a safe and fast detection under the fluorescence
microscope making use of individually designed filter sets. Each filter set consists of three
filters (see Figure 2). The first one, the excitation filter, passes only the wavelength which is
needed for exciting the fluorochrome, the second one, the beam splitter, has a double function:
it directs the filtered light to the sample and makes sure that only the fluorescence, that is the
emitted light, can pass further to the third filter. This filter guarantees that only the main
emission wavelengths of the used fluorochrome can be seen. Hence, if a sample does not
fluoresce in the wavelength area of the used fluorochrome, all other parts except for the




fluorochrome remain dark and the fluorescence of the fluorochrome can be observed against a
black background. However, possible limitations of the method should not be neglected. The
adhesive may undergo a change in its specific characteristics through the labelling procedure
and the studied sample may have disturbing autofluorescence in the same wavelength region as
the fluorochrome thus blurring or falsifying the detected picture. Both problems have been
taken into account, investigated and solved as far as possible. The fluorochromization was
adjusted until there were only minimal changes in the viscosity in comparison to the unlabelled
adhesive. Disturbing autofluorescence was removed by specially constructing test samples and
by making thin sections of the samples, as weak fluorescence can be eliminated by reducing
sample thickness while the chosen fluorochromes are still well detectable. Furthermore, a
defined sample thickness allows quantitative comparison.
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Figure 2 Fluorescence microscopy with a filter set.
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Three markers were used in the study (see Tables 1 and 2). Fluorescein-5-isothiocyanate (FITC
‘Isomer 1) was chosen in this study for PIBMA because it is commonly used, small, easy to
work with (Luttmann 2009, p. 82), stable when conjugated and because of its Quantum
efficiency of nearly 0.92 (Quantum efficiency is the quotient of photons emitted and photons
absorbed, with a maximum of 1) (Ploem 1987, p. 3). Another positive aspect is its green
fluorescence which is not often found in paint cross sections. The functional group,
isothiocyanate (N=C=S), forms covalent bonds with amino (NH,), carboxyl (COOH) and only
slightly with hydroxyl (OH) groups (Haugland 2005). In the case of MC the authors chose 5-
(4,6-dichlorotriazinyl)-aminofluorescein (5-DTAF), which has a high reactivity towards
hydroxyl groups. Apart from its low Quantum efficiency  which is compensated through a
very high emission peak when using a high-pressure mercury vapour lamp, it has nearly the




same characteristics as FITC (Haugland 2005). In order to examine the mixture of gelatine and
MC, tetramethylrhodamine-B-isothiocyanate (TRITC) with red fluorescence and the same
functional group as FITC was chosen to label the gelatine. Quantum efficiency is similar to
that of 5-DTAF (Haugland 2005).

Table 1. Fluorochromes

Fluorochrome Molecular Weight Absorption maximum Emission maximum
FITC 389.38 g/mol ~ 494 nm ~519 nm

(green fluorescence)

5-DTAF 495.28 g/mol ~492 nm ~516 nm

(green fluorescence)

TRITC 443.52 g/mol ~544 nm ~572nm

(red fluorescence)
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Based on Haugland (2005), the adhesive is dissolved (1-4%) in a sodium-bicarbonate buffer (
0.1 mol, pH 9.3), then the fluorochrome (5 mg per 1 g adhesive) is dissolved in DMSO and
added drop-wise during 30 minutes with stirring. The gelatine reaction is carried out for one
hour at room temperature, while the MC reaction takes five hours at a temperature of 50°C.
Afterwards an aqueous dialysis in a membrane (about 36 hours) is carried out in order to
separate the conjugate from free fluorochrome, DMSO and buffer-agent. Investigation of
samples with a scanning electron microscope (Zeiss Evo 60 EP-SEM) showed that after 24
hours most of the buffer was removed and after 36 hours the content of sodium ions was quite
the same as in the unmodified adhesive. After dialysis, the solution was freeze-dried, because it
is a fast and clean way of drying low percentage solutions.
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In general, PBMASs do not have any reactive groups. Therefore, a preceding partial hydrolysis
of the ester groups with a lipase would yield free carboxyl groups. However, this was not
necessary for Degalan PQ611. It seems to contain some reactive groups, perhaps acid or amino
groups (inserted as stabilizers or co-polymers), which can be labelled without preceding
hydrolysis. In order to analyze which functional groups were actually labelled, unmodified
Degalan PQ611 was investigated by H-NMR at the University of Stuttgart, but neither carboxyl
nor amino groups were detected. Presumably these reactive groups are present in very low
concentrations only.

Labelling method: While stirring a solution of PIBMA in toluene (20%), FITC (A mgperlg
PiBMA\) dissolved in DMSO was slowly added under inert argon gas. After stirring for four
hours at 60°C, free FITC was removed from the conjugate through extraction with slightly
acidified water in a separating funnel. This was repeated until the aqueous layer was colourless.
Subsequently, the organic phase was separated and toluene removed with a rotary evaporator.
The obtained conjugate was freeze-dried.




Table 2. Reactants and conjugates in the fluorochromization reactions

Reactive group Fluorochrome Conjugate
Gelatine
+
(CH3),N O N(CH,), (CH3),N 0 N(CH,),
H
n_ A 1 -_n [, _n
R N T h () h )
H (0] O
S
\
C=N SC—NH
7/
R—N
N\
H
Amino group TRITC
MC
R—OH
Hydroxyl group 5-DTAF
PBMA

0

Carboxyl group

FITC
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By performing thin layer chromatography the stable chemical bond of the conjugate was
proved: no separation of the adhesive and FITC molecules was found (stationary phase: silica
gel 60F, mobile phase: ethyl acetate for MC; water for Degalan; ethanol for gelatine). In the
case of Degalan, the stability of the chemical bond was proved additionally by extraction
because it was doubtful whether a thin layer chromatography was significant for PBMAs.
Extraction was carried out against toluene at temperatures of -30°C with dry ice: after eight
extractions, Degalan retained its fluorescence, though to a minor extent as in every extraction
some adhesive was lost.

6

The viscosity of conjugates measured with an Ubbelohde Viscosimeter (Schott AV'S 400,
capillary tube Oa, at the University of Stuttgart) slightly changed in comparison to the
unmodified adhesive. However, the margin of error of 5-10% is within the accuracy of
measurement.

In order to obtain samples with non-absorbent flaking paint, small paintings (20 x 20 cm?) with
the lowest possible degree of autofluorescence were specially developed and produced as
follows (see also Figure 3): A washed (60°C), ironed (220°C), wetted (to pre-shrink) flax fabric
of medium quality and density (14-15 threads per cm?) served as a support. In order to reduce
its absorbency, wheat starch paste (13%) was twice applied instead of hide glue in order to
avoid the latter’s strong autofluorescence. To imitate aged, cracked ground and paint layers,
which are non-absorbent as well as non-fluorescent, a pigment mixture of chalk, gypsum, and
iron red (30:30:1 parts by weight) bound in epoxy resin (Araldite 2020) was used. The iron
oxide red was not only included for pigmentation but also to avoid the transmission and
reflection of the labelled adhesive. The first layer imitated a ground layer and consisted of one
part (by weight) of Araldite and two parts of pigment mixture. The second layer, called paint
layer, was produced with a 1:1 Araldite-pigment-mixture. The upper layer consisted of pure
epoxy resin and imitated a varnish layer. Defined amounts (by weight) of the Araldite mixtures
were applied, providing comparably thick paint layers in different test samples (layer A=2g, B
=5g, C = 20 g per painting). The paint layer (20 x 20 cm?2) was broken into 2 x 2 cm?
fragments and mounted on wooden stretchers. Flaking paint was produced by water damage,
with additional mechanical stress, so that the Araldite layers lifted from the starch layer and the
canvas.
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Figure 3 Test sample set-up for flaking paint on canvas.

All adhesives were applied with a micro pipette. At every entry point, for gelatine and MC, 0.02
mL was applied, while for Degalan, 0.04 mL was used. In experiments with MC and gelatine,
the adhesive was applied from the front and after a few minutes to allow for penetration the area
was covered with absorbent cardboard and dried under pressure for 24 hours. Some areas were
pre-wetted with isopropanol immediately before adhesive application. In the case of Degalan
(application from front and back), for controlling the evaporation after an application, the back
of the canvas painting was always sealed with silicon-coated Mylar (polyester film) and the
paint layer was left uncovered. Consolidation from the back was carried out according to
Demuth (see Figure 4): test samples were turned face down and elevated 30 cm above a table to
avoid direct contact to the latter (direct contact to the paint layer can cause penetration of the
adhesive to the front due to capillary forces), Degalan was applied on the fabric and the back
was sealed with silicon-coated Mylar for five days. In experiments with several subsequent
applications the interval was 48 hours. After drying, the samples were cut out and embedded in
Technovit 7100 for thin sections. During sample preparation the bond between paint layer and
canvas was delaminated in some cases, causing a gap in the adhesive layer as is visible on the
photographs of Figure 5. The thin sections (8 pm thick) were cut with a rotary microtome (1140
Autocut, Reichert-Jung) and a Leica HM knife (16 cm/d, inclination 3°, declination 30°).
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Figure 4 Experimental set-up for application of Degalan from the back (according to Demuth 1999).
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The detection of the labelled adhesive was conducted with a fluorescence microscope (Zeiss,
Axiolab A), a mercury vapour lamp 50 (Osram) and halogen bulb. This set-up turned out to be
the most rational, uncomplicated and reliable way for examining a huge amount of samples in
comparison to structured illumination (Zeiss ApoTome) and a confocal laser scanning
microscope (LSM 510 Zeiss): The ApoTome Software eliminated too much of the adhesive's
fluorescence while the laser initiated too much disturbing autofluorescence of the substrate. The
observation of thin sections with fluorescence microscopy, on the other hand, allowed for clear
distinction between adhesives and eliminated autofluorescence. Three filter sets (Zeiss and ahf)
were used, named FITC/5-DTAF, TRITC and DUAL by the authors for easy identification (see
Table 3). Filter set FITC/5-DTAF was specially adjusted for fluorescein, filter set TRITC was
used for rhodamine and filter set DUAL for investigating fluorescein and rhodamine
simultaneously. A Canon 1000D digital camera was used for documentation and for a better
view some pictures were stitched together with Photoshop CS3.

Table 3. Filter sets

Filter set Excitation filter Beam splitter Emission filter
FITC/5-DTAF Bandpass (BP) 475-495 Longpass (LP) 510 BP 512-542
(green fluorescence)

TRITC BP 573-613 LP 562 BP 579-631
(red fluorescence)

DUAL BP 468 and 553 BP 493 and 574 BP 512 and 630
(green and red fluorescence)




4

1 # " A . "
The slightly heated (40°C) 5% solution of labelled gelatine (180/190 bloom) penetrated
excellently under the paint layer of the test samples but always impregnated the canvas more or
less. If gelatine was not heated it would not flow sufficiently, neither under the paint layer nor
into the canvas, whereas a 5% MC (Benecel A4C) of a medium viscosity penetrated under the
paint layer in a very satisfactory manner without impregnating the canvas. A mixture of 5%
gelatine and 5% MC (1:1) also penetrated into the space between paint layer and canvas very
satisfactorily. For comparison of gelatine, MC and the mixture see Figure 5 a-d. Particularly
interesting is the deposition of each adhesive in the mixture. MC aligned alongside the paint
layer and the canvas and built an anchor for bonding bridges consisting of gelatine and MC (see
Figure 6). Pre-wetting the area of consolidation with isopropanol resulted in an increased
penetration into the canvas of all adhesives, even MC and is thus inadvisable (see Figure 5 e,
using the example of a MC-gelatine-mixture).




Figure 5 Penetration behaviour of gelatine, MC and mixtures of both (all adhesives 5%): a) thin section in visible
light as reference, b) gelatine, without pre-wetting (filter set TRITC), ¢) MC, without pre-wetting (filter set FITC/5-
DTAF), d) MC:gelatine 1:1, without pre-wetting, ) MC:gelatine 1:1, applied after pre-wetting with isopropanol
(filter set DUAL). The arrows show the point of application. Gaps between paint layer and canvas occurred in
some cases while cutting out samples from the paintings and during embedding.




Figure 6 Mixture of gelatine (red) and MC (green) between canvas and paint layer, viewed with filter set DUAL,
green fluorescence of the MC is outshined by the red fluorescence within the mixture, but present.

1 # " % > =
Adhesion treatment with labelled Degalan PQ611 from the front and back of a canvas with
flaking paint was carried out with 3% and 5% solutions in Shellsol T (used because of a high
evaporation rate). When applying the solutions, concentric, fast and wide penetration as well as
saturation of the canvas was always observed. A well-directed adhesion of certain parts of
flaking paint is therefore hardly possible. In all cases, the canvas scarcely fluoresces on the back
of the fabric and in the thin sections the PIBMA was distributed in the canvas (green
fluorescence in Figure 7+8) with a slight tendency towards the paint layer. No striking
discrepancy was detected between the concentrations nor with an application from the back or
from the front. But a slightly better tendency in forming an adhesive layer was detected in the
paint/canvas interface when applied from the back. A 5% Degalan solution applied twice from
the back is displayed in Figure 8, where it is also evident - compared to Figure 7 - that a
previously applied solution builds no barrier for the next one.




Figure 7 Labelled Degalan 5% applied twice from the back. The arrows show the point of application.
Green fluorescence of the labelled Degalan is visible in the canvas and a slight accumulation towards the paint
layer (filter set FITC/5-DTAF).

%

Among the tested adhesives in this research, the desired adhesive layer between flaking paint
and canvas was formed best by MC and a mixture of gelatine and MC.

The results with regard to gelatine, MC and a mixture of both clearly show that the excellent
penetration of gelatine results in an undesired impregnation of the canvas whereas MC and a
mixture of gelatine and MC (1:1) formed the desired adhesive layers between paint and canvas.
Further tests will investigate the possibility of using the excellent penetration abilities of
gelatine while avoiding or limiting penetration into the canvas, for instance by applying
cyclododecan from the back before the consolidation takes place or pre-wetting with aliphatic
hydrocarbons.

Concerning the results with Degalan PQ611, penetration into the canvas with a slight tendency
toward the paint layer took place, thus a well defined adhesive layer between the paint and the
canvas was not achieved. Already studies of Domaslowski have shown that PBMA disperse
most evenly when using aliphatic hydrocarbons among other solvents. This is
counterproductive with regard to the goal of achieving one sharp adhesive layer. As shown by
Demuth, in principle an accumulation of the PBMA between paint layer and canvas is possible.
At the same time, Degalan allocated everywhere in the canvas in this study. Furthermore, the




results showed that an application from the ba@tn®sst equivalent to that from the front, if
not even better with regard to penetration. In tolaal tests comprising post-wetting with

solvent one could attempt to direct the PBMA-rermamthe canvas into the paint/canvas
interface.

Figure 8 Labelled Degalan 5% applied from the bépleen arrow). Green fluorescence is visible in ¢havas
and in one semicircular crack in the middle of gant layer (filter set FITC/5-DTAF).

With the help of fluorochromization and detectionfluorescence microscopy enlightening
insights into the behaviour of adhesives were ghiAelhesives and application methods for
creating an adhesive layer between paint and canvhe case of flaking paint were

successfully explored. Thus the methodology wilphte advance consolidation treatments in
general.
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