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Abstract

Historically, the varnishes had the aim to protect the bowed musical instruments by the
external agents and to confer them an aesthetic value. During the 17" and 18" century, in
Italy, the bowed instruments, especially violins, were generally covered by a layer of varnish
made with several natural materials such resins, oil or hide glue: i.e., instruments by the great
violin maker Antonio Stradivari were covered often with a layer of varnish made of linseed ail
and colophony in the ratio 3:1, respectively. The main aim of this work was to study the
modifications that occur in those kinds of varnishes, after exposing them to some factors of
degradation. In order to study the different properties of organic coatings and their suitable
compositions, different mixtures of linseed oil and colophony were recreated in the laboratory
following an ancient recipe: linseed oil and colophony were mixed together with different
ratios (50/50 and 75/25, respectively) and then, they were applied on Maple wood samples and
on glass slides for experimental purposes. In order to investigate the different external factors
which cause the varnish layer degradation, samples were analyzed by different techniques
before and after different ageing processes (thermo-hygrometric cycles, exposition to UV lamp
and to acid vapors). Out of strong experimental evaluation, all the results suggested that the
composition of 75/25 (oil: colophony) is much better as a varnish for musical instruments.
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Introduction

It is generally known that artworks are covered by varnishes made from different organic
compounds. In the past, those organic compounds were generally natural products such as
drying oils, essential oils, tree resins and gums, insect resins, dyes, various proteins or
polysaccharides, which were used alone or mixed together, possibly purified, pre-treated or
diluted in a volatile solvent [1]. Those materials were used on several artworks, even stone ones
[2, 3], with the main aim to protect the surfaces. On musical instruments, and especially in
bowed ones, the varnishes were applied by the violin-makers to protect the instruments from
humidity, dust, mechanical damage, and climate changes, and to enhance its appearance [4]. At
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the same time, those organic compounds applied on wood could increase the degradation
phenomena, especially biological ones [5].

Since the 16" century, the principal binders for the varnishes have been the siccative
vegetable oils, because of their ability to confer to the varnishes a higher gloss and transparence
[1]. The siccative oils most often used for oil varnishes were linseed and walnut oils. These
materials contain mainly triglycerides of saturated and unsaturated fatty acids and differentiate
from each other only in the relative proportion of fatty acids. Moreover, unsaturated fatty acids
undergo a chemical reaction known as auto-oxidation. The process requires oxygen (air) and it
is accelerated by the presence of trace metals. Mixtures of siccative oils and diterpenic resins,
especially Pinaceae ones, have been the most used for musical instrument since the 17®
century, even by the great violin maker Antonio Stradivari for his violins [6]. In fact, the
analyses performed on several violins made by the Stradivari highlighted the presence of
natural components like linseed oil hardened by natural resins, such as colophony derivatives
[7]. Colophony has been used in many coating applications such as adhesives, varnishes and
inks, because of fast drying properties, excellent solubility and compatibility with other resins
and oils, and ready availability. The principal components of colophony are resin acids, which
are mono-carboxylic acids of alkyl hydro-phenanthrene [8]. The resin acids can be divided into
two subgroups: the pimaric- type acids and the abietic-type acids [8]. The basic difference
between the two groups lies in the substituent at the C-13 position, which is isopropyl in
abietanes and vinyl or methyl in primaranes [8, 9]. Several scientific researches showed as, in
the varnishes used by Stradivari, the ratio between linseed oil and colophony is 3:1, with the
probable addition of colorants [7].

Thanks to those results, today the violin makers are rediscovering this kind of natural,
historical varnishes, even with different linseed oil/colophony ratios. In fact, the violin makers
are now utilizing varnishes with an increase of the colophony component, even with 1:1 ratio,
basically with the aim to confer a higher elasticity to the varnish. It’s important to consider that
often the violins are played by violinists and this can modify the superficial layers. It’s known
that the playing routine of the musical instrument can cause different changes to the violin
structure [10] and particularly on the varnishes, due to the contact with the player. In fact, it’s
easy to observe a strong degradation of the organic films on the musical instruments and a
consequent widespread worn-out of the varnishes. The principal causes of this degradation are
(1) the contact with the acid pH of the skin of violinist, (ii) the combined effect of humidity of
sweat and human temperature, and (iii) the exposure to light, especially to its UV component.

The aim of this study is to evaluate whether the current varnishes are better than
historical ones, to find out what are the external factors that can cause more degradation to
those materials, and to understand which composition of varnish is more useful for
conservation. For this purpose, two varnishes were prepared with different ratios between oil
and colophony: 50/50 (linseed oil/colophony) mixture, to simulate the varnish used today by
violin makers and 75/25 (linseed oil/colophony) mixture, to reproduce the Stradivari’s one [9-
10]. In order to investigate the degradation processes, the two kinds of varnishes were applied
on both Maple wood samples and glass slides and exposed to three different ageing processes
for 14 days: (i) humidity (RH) /temperature (T) cycles, (ii) exposition to acid vapor, (iii)
exposition to UV lamp. All the ageing processes are in agreement with several standard
conditions mentioned in the literature [11, 12]. Finally, properties and performances of
varnishes before and after ageing processes were evaluated by colour, contact angle
measurements, micro- Fourier transform infrared spectroscopy (FTIR), optical microscopy,
scanning electron microscopy (SEM), thermogravimetric analysis (TGA), and hardness
measurements.
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Experimental

Materials

Pure linseed oil (n73054 Kremer) was purchased from Kremer-Pigmente and used
without any further purification. Colophony was purchased from Cremona-tools and was used
without any further purification. Mg(NOj3), and HCI (ACS reagent, 37%) were supplied by
Sigma Aldrich.

In this work, Maple was used as wood substrate. Maple wood is a hard wood material
which carries brighter sound waves well. Hence, it is mainly using for preparing important parts
of the musical instruments. Wood specimens (5x5x0.5 cm) were kindly provided by Civica
Scuola di Liuteria (Milan, Italy).

Methods

Preparation and application of varnishes

Varnishes were prepared following an ancient recipe [13, 14]. Pure linseed oil was
heated temperature until 270°C and was maintained for 3 hours, then, it was cooled to 150°C.
At this stage (T = 150°C), milled colophony was added into the cooked linseed oil according to
the envisaged oil/resin weight ratio. This mixture was heated again until 250°C for a half an
hour. Two kinds of varnishes with different ratios were prepared: 50/50 and 72/25 (linseed
oil/colophony). After preparing the varnishes, they were applied on Maple wood specimens and
on glass slides (microscope slides) using flat brushes made from boar hair, because these kinds
of varnishes are self-levelling. Ultimately, all the samples were dried under UV light for 2 days
in order to accelerate the siccative process.

Artificial ageing of samples

All the samples were exposed to three different kinds of ageing processes: acid, thermal
and UV ageing. Acid ageing was performed by exposing samples to acid vapour (HCI) for 2
weeks. Here, the samples were kept in a desiccator with 54% of RH obtained by Mg(NOs),
[15]. Thermal ageing was carried out in a climate chamber at 45°C with 70% of RH for 14 days
[16]. In the last case, samples were exposed to UV light for 14 days (halogen lamp power
1000W/m?, wavelength (A): <295nm, and 710 + 20W/m’ of average irradiation). During the
exposition to UV lamp T was kept at about 45°C and RH at about 28% [17].

Analysing properties of considered varnishes

In order to evaluate the properties of varnishes before and after ageing, different
experimental techniques were used. Chromatic variations of the wood surface were measured
by Konica Minolta CM-2600d spectrophotometer, determining the L*, a* and b* coordinates of
the CIELAB space, and the global chromatic variations AE*, according to the UNI EN 15886
protocol [18]. Water contact angle measurements on the wood specimens were carried out by a
CAM 200 apparatus (KSV Instruments). Infrared spectra were collected by a Nicolet iN10
Thermo Fischer uFT-IR spectrometer in ATR mode (Germanium crystal). Optical microscope
observations of the wood specimens and of the films deposited on glass supports were done
using a light polarized microscope Olympus BX51TF, equipped with the Olympus TH4-200
lamp (visible light) and the Olympus U-RFL-T (UV light). Scanning electron microscopy
(SEM) images (backscattered electron, BSE) were collected by using a Tescan FE-SEM,
operating in both low and high vacuum, samples were platinum-palladium (about 20nm of Pt-
Pd) sputtered using a Cressington sputter coater 208HR. Thermogravimetric analyses was
acquired with the instrument TGA 1 Star System of Mettler Toledo, in N, atmosphere.
Hardness was determined by pencil test according to the ISO standard (ISO 15184:1998).
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Results and Discussion

Properties of films on glass

The morphological differences of the films before and after ageing cycles were observed
by optical microscope and chemical changes due to ageing were studied by micro FTIR
analyses. Moreover, a thermo gravimetric analysis was performed in order to evaluate the
degradation temperatures of different components present in the varnishes.

In the samples of 50/50 unaged varnish, optical microscope observations show some
aggregated materials, probably particles, inside the varnish layer as highlighted in figure la,
which can be due to either unreacted or undissolved colophony. These particles were found
even in the varnish films exposed to acid, thermal and UV ageing (Fig. 1c, e, and g). In thermal
aged samples, most area of varnish layer became dark yellow (Fig. 1e). Particles in the UV aged
varnish layer turned to black colour may be due to the photo-oxidation of undissolved
colophony (Fig. 1g).

Formula of abietic acid
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Fig. 1. Optical microscope images of films of both 50/50 and 75/25 varnishes: (a) and (b) unaged,
(c) and (d) acid aged, (e) and (f) thermal aged, and (g) and (h) UV aged, respectively
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As reported in the literature, when pure abietic acid is exposed to air, temperature, and
ultraviolet light, the disappearance of the double-bond chromophore and saturation of the
conjugated double-bond system by oxygen can be observed. This first result seems to suggest as
the increasing of the colophony in the contemporary varnish induce a lower homogeneity in
those film, with the consequent production of areas where the resin tends to settle and, after
ageing, to modify the chromaticity of the varnish.

On the contrary, the 75/25 varnish shows a higher homogeneity of the film under the
microscope magnifications, with a very few amount of particles of undissolved colophony
before and after ageing (Fig. 1b, d, f, and h). All the samples are similar to each other and after
thermal ageing, the surfaces of the films appear unaltered and without any dark yellow areas
(Fig. 11). In this case, it’s possible to hypothesize that the low amount of colophony in the
varnish could facilitate a correct polymerization of the film, in the cross linking process, with
the consequence of a stronger layer, more homogeneous and resistant to the ageing cycles.

In order to investigate the chemical changes of varnishes due to the different ageing
processes, micro FTIR (ATR mode) analyses were performed. In the 50/50 films, just small
differences among all the spectra can be observed, particularly in the fingerprint region
(1850cm™-675cm™). For instance, the shape of the broad peak in between 1100-1200cm™ due
to the overlapping of C-O stretching absorptions of linseed oil and colophony (1164cm™ and
1179c¢m™, respectively) [19], becomes less symmetric after thermal and UV ageing (Fig. 2b).
These differences could be due to the oxidation process which occurred during different ageing.
Moreover, after the UV ageing, more changes can be observed in the varnish layer, particularly,
the peak at around 969cm™ which corresponds to C=C bending and the peak at around 745cm™
due to vibrations of carbon skeleton (Fig. 2a and b) [20].
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Fig. 2. Micro FT-IR spectra of varnish films before and after ageing in a two different ranges,
4000-800cm™’, and 1700-675cm™, respectively: (a) and (b) 50/50 and (c) and (d) 75/25

http://www.ijcs.uaic.ro 817



M. WETHTHIMUNI et al.

The FTIR spectra of 75/25 films, before and after ageing, did not highlight strong
differences, expect some small absorption shift and shape variations (Fig. 2¢ and d). Taking into
consideration the fingerprint zone, only the UV ageing seems to cause some modification to the
varnish, contrary to what is observed for acid and thermal ageing (Fig. 2d). In particular, there
is a significant difference in the peak of C=C bending at around 969cm™.

The measurements of thermogravimetric analysis suggested that pure components
(cooked linseed oil and colophony) decomposed at 428°C and 310°C, respectively (Table 1).
For instance, the 50/50 mixture presents two different degradation temperatures, ascribable to
(i) the heterogeneous film production, (ii) undissolved colophony, presence in the oil matrix
(Table 1). The both melting points are caused by the degradation temperatures of colophony
and linseed oil, respectively. In thermal aged samples (50/50 varnish), it was possible to see a
third temperature degradation at 126°C, that may be due to the loss of deeply absorbed water
[21-23]. On the contrary, the varnish of 75/25 shows only two degradation temperatures. It
suggested that there is no any water absorbed into this varnish matrix. It may be due to the
absence of undissolved colophony in 75/25 varnish. According to this experiment, the samples
after UV ageing show the lowest degradation temperature, when compared to other ageing
processes (329°C). On the contrary, in the 75/25 varnish, it’s evident only one degradation
temperature, suggesting a higher homogeneity of the mixture (Table 1). Moreover, even in this
case, the strong decrease of temperature is caused more by UV ageing than acid and thermal
ageing.

Table 1. Degradation temperatures of pure components and two different varnishes

Films T/°C (50/50 varnish) T/°C (75/25 varnish)
Cooked linseed oil 428

Colophony 310

Unaged 374 —435 431
After acid ageing 340 -417 421
After thermal ageing 126 —371 — 426 101 -419
After UV ageing 329-413 417

Properties of treated wood specimens

Chemical properties and morphological aspects of varnishes applied on Maple wood
samples were investigated through colorimetric assay, contact angle measurements, optical
microscopy, SEM, micro FTIR and pencil hardness test, before and after the ageing cycles. The
aim of this section is to investigate the interaction of the varnishes with the wood and to
reproduce a real case of study. For instance, the appropriate varnishes are going to introduce to
real musical instruments.

First of all, chromatic variations were measured: the first results before the ageing
processes seem to confirm that the 75/25 varnish, if compared to the 50/50 one, produces a
more homogeneous film displaying a lower interference with the natural colour of the wood
(here, the colour difference between treated and untreated wood was calculated: AE*= 7+2 and
1949, respectively) (Fig. 3a). The chromatic coordinates of the varnish film on the wood
specimens are affected to a different extent by the accelerated ageing processes. The overall
colour changes were evaluated by AE* between aged samples and the corresponding treated
unaged samples. The lowest chromatic variation was induced by acid aged samples (AE* < 1),
while the highest chromatic variation was registered after exposing to the thermal ageing (AE*
> 27) for both varnishes (Fig. 3b). The chromatic coordinates indicate that the b* component
changes more than L* and a*, with a visible variation to the yellow-dark colour (Fig. 3b). This
tendency has to be considered an important result, if compared with the written sources
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contemporary to the making of musical instruments, where the original colour of the surfaces of
the historical violins, especially those made by Stradivari, is described to be yellow, transparent
and with a gold effect [24]. However, it is important to remember that the varnish is a complex
system that comprises mainly different organic compounds, occasionally admixed with
inorganic components, altogether interacting, ageing and degrading, with sometimes a very
strong inhomogeneity: this system can produce several chromatic variations on the violin
surfaces [25].
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Fig. 3. Chromatic variation of both varnishes after treatments (a) and ageing processes (b)

Contact angle measurements of both 50/50 and 75/25 varnishes were measured in order
to study the hydrophobic properties of the varnishes (Table 2). Unexpectedly, no significant
changes were observed after ageing of both types of coatings. There is only a stable difference
between the two varnishes, with a higher hydrophobic tendency of the 75/25 varnish if
compared to 50/50 one. It is because of more linseed oil present in the 75/25 varnish than the
50/50 one. In a common sense, oil is a nonpolar material and it is not making any hydrogen
bond with water molecules. So, they have repulsion in between each other. Therefore, oil is a
hydrophobic material.

Table 2. Contact angle measurements a (°) of wood samples after treatments and ageing

Wood samples a (°) of 50/50 varnish o (°) of 75 /25varnish
Unaged 90+ 4 116 £ 12
After acid ageing 94+6 11116
After thermal ageing 98 +25 115+22
After UV ageing 90+ 5 110+17

However, some interesting result comes from the FTIR spectra, where it’s possible to
suggest that linseed oil has an activating role in the oxidation reactions occurring in colophony
compounds, and that conservation state of varnish could be closely related to the composition of
the oil/resin mixture. In fact, the concentration of colophony affects the oxidation of the oil, and
vice-versa.

From literature, it’s well known that the carbonyl absorption peaks of linseed oil and
colophony are at around 174lcm™ and 1696cm™, respectively [26-28]. After ageing some
variations in FTIR spectra can be observed both in the C=O stretching region and in the
fingerprint zone (see Fig. 4a, b ¢ and d). In particular, it was possible to observe a small shifting
(1717-1714cm™), different shapes (symmetric shape peaks in both fresh and acid aged samples
and in the other cases asymmetric shape peaks) and also broadening of the carbonyl peaks in the
50/50 varnish due to the oxidation of linseed oil (Fig. 4a). On the other hand, the 75/25 varnish
acted quite different way in the degradation cycles. Particularly, the oxidation of linseed oil can
be noted in the UV ageing (mainly those significant differences can be seen: C=C bending peak
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at round 969cm™'; peak around 818cm™ which is representing the CH stretching; only one peak
around 714cm™ with respect to the other graphs; and different shape of carbonyl bands), while
in the both thermal and acid ageing, it wasn’t possible to observe the degradation of either
colophony or linseed oil (see Fig. 4d).

The morphological differences of the treated surfaces were observed by optical
microscope and SEM observations. As reported in Figure 5, the two varnishes confer different
morphological characteristics to the samples, with an inhomogeneous film in the 50/50 one,
before and after ageing processes. In fact, the optical microscopic examination highlighted on
the surface a widespread roughness and a lot of deposits of material that are probably ascribable
to the colophony not dissolved in the oil. On the contrary, the 75/25 varnish showed a
homogeneous coating layer, without precipitates in the film. That confirms again that the 75/25
ratio can produce a more compact and unvarying varnish film (Fig. 5b, d, f, and h). The
specimens treated with 50/50 varnish after acid ageing appear to be shinier and reddish (Fig.
5c). The surface of specimens that underwent thermal ageing displays dark brown spots under
the varnish layer and different areas dried and melted (Fig. 5e¢). UV aged samples were
morphologically quite similar to the unaged one (Fig. 5g). On the other hand, in the case of the
75/25 varnish after acid ageing, the samples appeared without any superficial modification (Fig.
5d). Even for this varnish after thermal ageing, some significant differences on the surface can
be noticed (Fig. 5f), while the layers of varnish 75/25 after UV ageing are still homogeneous
(Fig. 5h).
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Fig. 4. Micro FTIR spectra of treated wood specimens by varnishes before and after ageing processes in different
ranges, 1850 - 1400cm™ and 1700 - 675cm’™": (a) and (b) 50/50 and (c) and (d) 75/25

The microscopic morphology of the surface was studied by SEM investigations and the
obtained results were compared to those observed by optical microscope. In the case of 50/50
varnish before ageing, a spread layer of the varnish covering the wood surface can be observed
which does not allow observing the wood surface (by fiber or cells). The coating is
characterized by the presence of white colour particles, ascribable to the un-linked colophony
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particles (Fig. 6a). On the contrary, 75/25 varnish seems to interact mainly with the wood
surface, possibly due to a deeper penetration in the samples, and the surface appears very
similar to the untreated one (Fig. 6b).

The effect of the acid exposition can be well highlighted in the loosing of the covering
uniformity of the 50/50 varnish: in fact, differently from the not aged, in this case it’s possible
to observe the fibers of the wood. The white particles are still spread out present (Fig. 6¢).

On the contrary, after the acid interaction, the 75/25 coating seems to be unaltered,
compared to the unaged samples, without evidences of corrosion processes of the wood fibers,
even at higher magnifications (Fig. 6d). This result seems to confirm the stronger resistance of
the varnish with a higher amount of oil to the corrosion processes due to the acidity.

Fig. 5. Optical microscope images of treated wood samples by both 50/50 and 75/25 varnishes:
(a) and (b) unaged, (c) and (d) acid aged, (e) and (f) thermal aged (unmelted and melted
area in the inset), and (g) and (h) UV aged, respectively
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An interesting effect of the 50/50 coating deterioration is due to the thermal ageing,
especially if compared with the 75/25 sample. In fact, after the ageing cycles, the surface has
totally lost the aspect of the not aged one, with the fibers exposed and evident signs of corrosion
(Fig. 6e). The 75/25 surfaces appear with a stronger roughness after the thermal ageing, but in
general, there are no significant differences if compared with the not aged one, even at higher
magnifications; once again, the varnish with a higher amount of oil seems to produce a good
coating and to perform a stronger protection to the hygro-thermal gradients (Fig. 6f).

No significant modifications are disclosed after UV ageing, for both the varnishes (Fig.
6g-h).

The pencil hardness test (IS0 15184:1998) was done in order to evaluate the mechanical
properties of varnishes. In fact, the main parameters for selecting good varnish are (i) durability
of varnish layer on the wood surface, (ii) resistance to the abrasion. Those characteristics are
particularly important for this kind of varnishes that historically were applied to musical
instruments and that are exposed to mechanical abrasion due to the player. According to the
considered standard, the hardness changes from 9H (harder) to 9B (softer) and there is an
intermediate level (F) exactly in between those two values (the scale like this: 9B-8B-7B-6B-
5B-4B-3B-2B-B-HB-F-H-2H-3H-4H-5H-6H-7H-8H-9H).

Fig. 6. SEM images of treated wood by both 50/50 and 75/25 varnishes:
(a) and (b) unaged, (c) and (d) acid aged, (e) and (f) thermal aged, and (g) and (h) UV aged
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The results obtained from the test before ageing process (Table 3) indicate a better
performance for 75/25 varnish (hardness is 2H). Moreover, hardness of the varnish layer
considerably changed due to the ageing processes. In particular, a lower hardness decrease
(softening) was observed after thermal ageing (melted part) in both types of varnishes. The
result totally agrees with the results obtained from other analyses, as reported earlier. This
behavior seems to be the disappearance of double bonds as well as other changes of both
linseed oil and colophony due to oxidation induced by thermal ageing. It means that the varnish
layer became softer due to bond breaking and changing the C- skeleton. On the contrary, UV
ageing doesn’t affect the hardness of 75/25 varnish (the value of hardness remains as before
ageing), while it induced a decrease of the hardness of 50/50 varnish. Ultimately, it is worth to
indicate that the 75/25 varnish performs way better than the 50/50 varnish.

Table 3. The results of pencil hardness test of treated wood samples by 50/50 and 75/25 varnishes

Wood samples Hardness of the layer of varnish Hardness of the layer of varnish
P 50/50 75/25
Unaged H-2H 2H
After acid ageing B-HB H
After thermal ageing — JB-B Fol
melted area
After thermal ageing — unmelted area F-H F-H
After UV ageing HB-F 2H
Conclusions

A strong experimental evaluation was performed in order to investigate the chemical-
physical characteristics of two varnishes with different compositions. The two varnishes were
prepared following an ancient recipe: 50/50 (linseed oil/colophony) varnish, just in order to
simulate a product used today by violin makers, and 75/25 (linseed oil/colophony) varnish, to
reproduce a kind of coating that was spread out utilized during the 16™ and 17" century. The
varnishes were applied to both Maple wood specimens and glass slides and several analyses
were carried out before and after different ageing cycles (UV, thermal and acid expositions).

First of all, colour measurements have shown that the 75/25 composition can produce a
varnish with a higher resistance to the chromatic variations. In fact, there were not significant
changes in the physical properties of the 75/25 samples after exposure to acid vapors and UV
rays; only a drastic chromatic variation happened after thermal ageing, with the consequence of
an increasing of the b* component and a dark/yellowish colour.

The results of optical microscopes observations, SEM and TGA experiments are all in
good agreement with each other indicating that 75/25 varnish shows a very good homogeneity
of the film, both onto the wood surface and glass specimens. These results let us to suppose that
this ratio in the varnish can facilitate the polymerization of the film, in comparison with the
50/50 one. In fact, this film appears not homogeneous, with several melted areas and a lot of
precipitates and particles spread out in all the varnish, probably ascribable to undissolved
colophony. However, TGA results revealed as the UV ageing seems to be the most affecting
ageing process for both the varnishes.

Concerning micro FT-IR analyses, the results indicate that both varnishes show some
chemical differences in the principal absorption peak after ageing processes, especially in the
fingerprint region. Generally, the results are in agreement with the TGA analysis, suggesting as
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the UV ageing would be unexpectedly the more aggressive ageing process, even for the 75/25
varnish, followed by acid and thermal ageing processes.

Hardness measurements suggested that the hardest films were obtained by 75/25 mixture
before ageing processes. Furthermore, hardness of the varnish layer significantly changed due
to ageing processes, indicating that the worst damage was due to thermal ageing in both types
of varnishes.

Results obtained confirm that linseed oil performs an activating role in the oxidation
reactions occurring in colophony compounds, but just in the 75/25 varnish, and that the
performance of films regarding the resistance to the main degradation causes could be closely
related to the proportion of resin in the mixture. Questions regarding the contemporary use of
50/50 oil/resin mixtures are still open, but it seems quite clear as a lower amount of resin in the
mixture could confer a higher quality and durability to the varnish, especially in the case of the
ancient musical instruments that are still played.
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