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Abstract: The cleaning of textile artefacts and in particular historical tapestries is generally carried out
using standard methods. Different cleaning procedures, including a new method based on a hydro-
aspiration mechanism, recently developed by restorers with the aim of improving the efficiency of
the cleaning system, were applied to a historical tapestry belonging to the lower edge of one of the
tapestries of the “Ulysses Stories” series exhibited at the Quirinale Palace (Rome). The tapestry was
made of wool and silk and has precious decorations made of metal yarns, which are particularly
fragile. The new cleaning system was compared with the traditional methods commonly used
by restorers for tapestry cleaning. For this purpose, the quantity and chemical composition of the
particles removed and collected on quartz fibre filters by applying the different cleaning systems, were
estimated by means of analytical techniques, such as IC (Ion Chromatography) for the quantification
of the ionic species collected into the rinsing water, the TOT (Thermal Optical Transmittance) method
for the quantification of the carbonaceous particles and SEM-EDX (Scanning Electron Microscopy
coupled to Energy Dispersive X-ray Spectroscopy) for yarn morphological characterization and
elemental analysis of the deposited particles. The objective of this study is to identify the correct
cleaning method to apply to the polymaterial tapestry and, in particular, to the gilded silver and gold
metallic yarns, whose conservation state requires the preservation of the “self-protection” patina
necessary for the future exhibition inside the Quirinale Palace. The new hydro-aspiration method
was found to be more efficient in removing dirt and preserving the structure of the metallic threads
being in this way less invasive in detaching the fragile surface patina and at the same time more
effective in removing dirt.

Keywords: tapestry; cleaning methods; SEM-EDX; IC; TOT; textile artefact

1. Introduction

Cleaning is a subject of great interest for all types of artworks. Whereas numerous
studies have already been carried out in the field of movable paintings and wall paintings
and the materials used in these field have been extensively studied both in the vast scientific
literature and in dedicated texts [1], in the field of textiles the interactions that can occur
during treatments are not yet completely clear, due to the vast number of cases and
problems opened by the presence of polymaterial yarns [2]. The cleaning operation is
carried out to remove those substances that are foreign to the original material which, in
contact with the weave, can give rise to various degradation factors depending on how the
substances and the textile interact.

The removal of particle deposits is the primary condition for the subsequent consolida-
tion of the textile structure, as it brings improvements in terms of softness and flexibility of
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the yarns, which, freed from the particles, guarantee the combination of the new restoration
material into the original [3].

Cleaning, therefore, represents one of the most critical phases of the restoration process.
On the one hand, it is the one that has the greatest impact on the visiting public. On the
other hand, it is an irreversible operation, since the removal of dirt, whether in the form of
particle deposits or a product of decay (oxidation and corrosion of metal threads) always
and inevitably entails the loss of original material, compromised due to the natural ageing
and physical–chemical alteration of the threads. The tapestry object of the present study
(Figures 1 and 2) comes from an important collection of historical tapestries exhibited in
the Quirinale Palace in Rome (Italy). It is made of yarns of organic (protein) and ‘partially’
inorganic origin such as metallic yarns consisting of a protein fibre core (silk) and a gold-
silver metallic lamina (Figure 3a), each with its own compositional, morphological and
conservative properties.

Appl. Sci. 2023, 13, x FOR PEER REVIEW  4  of  14 
 

 

Figure 1. (a) part of the lower edge of the tapestry “Ulysses Farewells Alcinus: the libation” belong‐

ing to the “Ulysses Stories”, Brussels, 1665–1666, 72 cmx172 cm, Rome, Quirinal Palace; (b) graphic 

reconstruction of the whole tapestry to which the fragment that was analysed belongs (lower edge). 

 

Figure 2. (a) an enlargement of the tapestry coat of arms; (b) gold metallic yarns; (c) gilded silver 

metallic yarns; (d) wool and silk yarns. 

Figure 1. (a) part of the lower edge of the tapestry “Ulysses Farewells Alcinus: the libation” belonging
to the “Ulysses Stories”, Brussels, 1665–1666, 72 cm × 172 cm, Rome, Quirinal Palace; (b) graphic
reconstruction of the whole tapestry to which the fragment that was analysed belongs (lower edge).
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Figure 3. (a) SEM micrograph (SE) of a metallic yarn: the fibre core around which the metal yarn is
wrapped is visible; (b) EDX spectrum (acquired on the point indicated with the arrow in (a)) showing
the chemical composition of the gold metallic yarns; (c) SEM micrograph where a self-protection
patina is visible; (d) chemical composition of the patina showing the presence of Ag2S and AgCl
(spectrum acquired on the point indicated with the arrow in (c)).

The behaviour of the yarns depends on their chemical structure and physical properties
including mechanical resistance. Wool and silk, both textile fibres of animal origin with
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a protein constitution, are highly hygroscopic: they absorb up to 30% humidity without
appearing wet; however, wool can undergo the phenomenon of felting due to the combined
effect of mechanical rubbing, heat and humidity. As far as reactivity to chemical agents
is concerned, wool has an amphoteric behaviour, i.e., it is attacked by both acids and hot
concentrated bases; silk, on the other hand, is more tolerant to alkaline attack.

As for metallic yarns, aggressive procedures that aim to expose the metal surface
should be avoided, thus preserving the ‘self-protection’ layer (or patina) that, although
foreign to the original material, contains traces of it.

Another problem related to cleaning is the stability of the colours, regarding water,
solvents additives and heat. Referring to some data in the literature, particulate matter
generally present on textile fibres may derive from [4,5]: airborne dust, water-borne sub-
stances from the soil (clay, mud), mineral elements (salts, corrosion products), fats and
oils, products from candle combustion, soot and combustion fumes, products of organic
decomposition, adhesives and substances of unknown nature [2]. The different types of
soiling are closely linked to each other, in the sense that a deposit material (e.g., general
dust), under certain environmental and exposure conditions (e.g., high RH values, poorly
ventilated rooms), can favour the development of organisms and thus the microbiological
attack of textile fibres. Depending on the way in which the particulate interacts with the
textile polymer weave, different degradation phenomena, such as physical and chemical,
can take place. The methods traditionally used for cleaning polymateric textile artefacts are
based on physical and/or chemical–physical action, the latter carried out using aqueous
solutions. Water is the most commonly used solvent for cleaning. At the same time, this
solvent has limitations, proving ineffective towards certain insoluble materials such as
hydrophobic substances and the corrosion products of metallic yarns. Hence, the need to
add to the solution substances having the ability to dissolve the dirt to be removed and/or
trigger chemical reactions to improve the cleaning efficiency.

As mentioned above, the tapestry that is the subject of this study is stored at the
Quirinale Palace in Rome, which is the residence of the President of the Italian Republic.
The tapestry collection of the presidential endowment consists of 261 items documenting
the activities of the main manufactures and production centres between the 16th and
19th centuries. This collection is one of the most remarkable internationally, not only from
the numerical point of view. Its importance also lies in the high value that distinguishes
its individual work of arts, due to their having previously belonged to the collections of
the pre-unitary states. In fact, most of the tapestries arrived at the Quirinale in the 1880s,
when the desire to transform the palace into a sumptuous royal palace led to the use of
furnishings and works of art taken from the palaces of the ruling houses in Italy before the
unification under the Savoy crown. From the collections of the House of Savoy, especially
from the royal palace in Turin, many tapestries were taken that were traditionally and
perhaps also affectively linked to the House of Savoy. Some of these series were made
for the patronage of Charles Emmanuel II, in particular the four tapestries, all made in
Brussels, with the Triumph of the Eucharist and Virtues (made in Brussels, 1665); the
five Stories of Mark Antony and Cleopatra (1665); the seven Virtues (1665); the six Ulysses
Stories (1665–1666), to which the tapestry of this study belongs; and the seven Stories of
Charlemagne (1665–1666).

Since 1995, the recovery of a substantial nucleus of the tapestries has been planned
and coordinated through two fully equipped laboratories and specialised in-house staff in
collaboration with the Ministry of Culture.

Conservation of historic tapestries is undertaken both in public and private workshops
in Italy. The tapestry restoration and conservation workshop of the Palazzo Vecchio, which
forms part of the Opificio delle Pietre Dure (the Restoration and Conservation Laboratories)
is based in Florence. The Palazzo Vecchio is the only public workshop in Italy, and it
has a long tradition of treating a wide range of tapestries, as well as playing a prominent
role in training Italian tapestry conservators. The Italian presidential residence, the Quiri-
nale Palace in Rome, houses its own workshop that cares for its important collections
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of tapestries. The Vatican Museum’s workshop, the Laboratory for the Restoration of
Tapestries and Textiles is in charge of huge Vatican tapestry collections. The workshop has
a long and important tradition of tapestry restoration going back to the eighteenth century.
These three workshops are of priority importance in the field of tapestry conservation
and restoration in Italy. In addition, they actively undertake research in this sector, with
each workshop developing a specific approach and methodology [6]. A further restoration
laboratory is represented by the Textile Restoration Laboratory of the Botticino School of
Restoration, which was in charge of the restoration of the historical tapestry studied in
this work. It is worth noting that 15–17th century Flemish tapestries are among the most
precious testimonies of European cultural heritage. Even if in some cases they are in deteri-
orated condition, these works of art are highly valued and exhibited in many museums
all over the world. The present state of degradation evidenced by visual assessment in
conservation practice and confirmed with macro-scaled tensile strength tests, reveals the
vulnerability of wool and silk fibres to both light exposure and atmospheric pollution. In
fact, textiles deteriorate due to natural causes such as heat, radiation, mechanical stress,
moisture, microbiological and enzymatic attack and, last but not least, the deposition of
dirt, i.e., atmospheric particulate matter including soil dust and carbonaceous particles.

Different cleaning procedures were applied in the present research to a historical
tapestry belonging to the lower edge of one of the tapestries belonging to the “Ulysses
Stories” series. These procedures included traditional cleaning methods and a new tool
based on a hydro-aspiration system. The tapestry object of the study is made of wool and
silk and has precious decorations made of metal fibres, which are particularly fragile. The
effectiveness of the different cleaning methods was tested and validated through the use
of some analytical techniques, such as IC (Ion Chromatography) for the quantification of
the ionic species collected into the rinsing water, the TOT (Thermal Optical Transmittance)
method for the quantification of the carbonaceous particles and SEM-EDX (Scanning Elec-
tron Microscopy coupled to Energy Dispersive X-ray Spectroscopy) for yarn morphological
analysis and elemental analysis of the deposited particles. These techniques are commonly
used for the characterization of aerosol particulate matter.

2. Materials and Methods
2.1. The Tapestry

The tapestry submitted to restoration is a part of the lower edge of one of the tapestries
of the “Ulysses Stories” series, exhibited at Quirinale Palace (Rome) (Figures 1a and 2).
In particular, it is a part of the tapestry entitled “Ulysses Farewells Alcinus: the libation”
(Figure 1b) and was realized, together with the other pieces belonging to the same series, in
Brussels, at the workshops of Jan van Leefdael (Brussels, from 1644 to 1680) or Geraert van
der Strecken (Brussels, from 1647 to 1677), on cartoons by Jacob Jordaens (1635) [7]. The
lower edge is a polymateric tapestry with wool warps and wool, silk and metallic wefts,
forming the work structure and the design. In the centre of it stands a crown and two flower
festoons, on a brown background, which encloses a blue circular plate on which is inscribed,
in golden letters, the monogram with the initials of Charles Emmanuel II of Savoy and his
wife, Maria Giovanna Battista of Savoy-Nemours. The crown motif and monogram are
embellished with gilded silver and gold metallic yarns. The tapestry was recently restored
at the Textile Restoration Laboratory of the Scuola di Restauro di Botticino [7–9].

2.2. The Cleaning Procedures

The cleaning methods applied in this study were: (1) an innovative hydro-aspiration
system (method A), (2) immersion washing (method B), (3) low-pressure table (method
C) and (4) air aspiration (method D) [7–9]. In fact a new method based on a hydro-
aspiration mechanism has been developed in the laboratories of the Scuola di Restauro
di Botticino [8,9]. The hydro-aspiration system allows a simultaneous physical–chemical
action and has been applied on the metal yarns to localize the cleaning and the control of
the intervention. The instrument used to realize the cleaning operations was a medical
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vacuum cleaner, equipped with a Teflon (PTFE) tube on which a polypropylene filter
holder was mounted. The four methods have been applied to selected areas of the tapestry
having dimensions of 3 × 3 cm2. The cleaning tests were realized by preparing an aqueous
solution (deionized water) containing a non-ionic surfactant (saponina RE-puro, Carlo
Erba) at 0.02%. Each cleaning method involved three tests, performed in the same spot and
under stable conditions (pH' 6, T' 18 ◦C). The first sampling was performed 1.5 min after
the start of cleaning, the second after a further 1.5 min (corresponding to a total of 3 min)
and the third after further 2 min (for a total of 5 min). Subsequently, a rinse with deionised
water was carried out at the same point. Between each test, the filters were changed, the
water was collected and the sampling instrument tubes and filter holder were rinsed with
deionised water in order to avoid contamination between tests. The aqueous solutions
were stored and analysed by ion chromatography IC (Ion Chromatography) in order to
determine the main ion species. During the tests, the deposited particulate matter (DMP)
was collected on quartz fibre filters (Whatman™ Quartz Air Sampling Filter, Grade QM-A,
Whatman) positioned inside the tube located after the aspiration system used for cleaning.
The filters were then analysed by SEM-EDX (Scanning Electron Microscopy coupled with
X-ray Energy Dispersive Spectroscopy) and TOT (Thermal-Optical Transmittance) analysis.

2.3. The Analytical Techniques

The main ions’ quantification was performed on the aqueous solution obtained after
the cleaning operations by IC analysis using an ICS-1000 HPLC system equipped with
a conductivity detector [10,11]. In order to quantify the carbonaceous substances present
on the quartz fibre filters, the determination of OC (organic carbon) and EC (elemental
carbon) and TC (total carbon) was carried out using a TOT Sunset instrument following
the methodology conventionally used for their determination in the aerosol particulate
matter [10,11]. Portions with an area of 1.5 cm2 were taken from each filter and then
submitted to the analysis.

Selected areas (200 × 200 µm) present on the filters were analysed by SEM-EDX to
obtain qualitative/semiquantitative information on the chemical composition. For this
purpose, a punch with an area of 1 cm2 was taken from the filter and placed on the
sample holder in the chamber of the electron microscope. When necessary, as indicated
in the text, analyses were acquired on specific points. The instrument employed was
a Hitachi TM1000 equipped with a SwiftED EDX spectrometer from Oxford Instruments
Ltd. Measurements were directly performed on samples since no metal coating was
required. Furthermore, a SEM-EDS TESCAN MIRA 3 instrument was employed to study
the metallic yarn morphology and the chemical composition of the surface patinas.

The quartz fibre filters employed in the hydro-aspiration and traditional methods
were weighed before and after the cleaning procedure to quantify the deposited particulate
matter (DPM).

3. Results

Notwithstanding the importance of the issue of restoration of the tapestry by cleaning,
there are few works in the scientific literature dealing with this aspect [2,4,9] or aimed
at a preventive study for tapestries. For example, an interesting study is focused on the
acquisition of information about protein breakdown at an early stage, long before fibre
deterioration becomes visible [12]. It is worth noting that deterioration of materials causes
breakdown of the molecular structure and results in a loss of strength, extensibility and
durability, discoloration and fading, which affects the appearance of the textiles.

The polymateric textile object of the present research was made by weaving yarns of
different kinds, i.e., wool and silk yarns dyed by different colorants (whose nature has been
investigated in other studies [13,14]), gold metallic yarns and gilded silver metallic yarns
(Figure 2). It is worth noting that the royal monogram was partially deteriorated showing
abrasion of the thin gold layer and presence of corrosion products. The metallic yarns’
degradation has caused the alteration of the original chromatic effect and what was once
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supposed to appear golden yellow, is now greyed and opaque. Elemental analysis such as
SEM-EDX can provide useful information on both the state of preservation of the fibres and
the chemical nature of the metal mordant used [15]. By means of SEM-EDX analyses both
the composition of the metallic yarns and the chemical nature of the degradation products
were investigated. In particular silver corrosion products such as silver sulphide (Ag2S),
silver oxide (Ag2O) and silver chloride (AgCl) have been highlighted. These species form
because of interaction with atmospheric pollutants such as aerosol particulate matter and
SO2 [16]. In Figure 3a, a SEM image of a yarn formed by the fibre core around which the
metal yarn is wound is provided. The metallic yarns, forming the coat of arms placed in
the centre of the tapestry, are gold or gilded silver. The typical composition of a gilded
silver yarn is shown in Figure 3b, whereas in Figure 3c an enlargement of the yarn is
provided where the self-protection patina is visible, whose composition is shown in the
EDX spectrum of Figure 3d.

The problem of tapestry cleaning in the scientific literature, as already mentioned, has
rarely been addressed, and to the authors’ knowledge, there are only a couple of works
from around 10 years ago [17–19] dealing with cleaning procedures.

An important issue as regards the conservation of textile artefacts in museum environ-
ments [20] is represented by dust deposition on the work of art’s surface, i.e., the deposition
of the so called deposited particulate matter (DPM), which together with the absorption of
gaseous pollutants such as SO2 (which is one if the main pollutants affecting air quality [21])
can react with the material giving rise to the formation of secondary species (as stated
before). In the literature the effects of DPM on textile artefacts has been investigated in
some French museums [19].

In order to evaluate the efficiency of the four different cleaning procedures considered
in removing DPM from the tapestry surface, dirt was sampled through time tests (see
Section 2.2). The cleaning methods applied are (further details on the specific features of
each method are provided in [8,9]):

– Method A: innovative ‘hydro-aspirating’ system;
– Method B: immersion washing;
– Method C: low-pressure table;
– Method D: air aspiration.

In Figure 4, as an example of the cleaning operations, the hydro-aspiration and air
aspiration methods, are shown. The cleaning procedure was conducted on selected areas
having dimensions of 3 × 3 cm2 on both the tapestry and some mock-up samples suitably
realised. These mock-up samples were realized by putting mixtures of compounds on
quartz fibre filters in order to simulate an artificial particulate matter. For this purpose,
aluminium hydroxide, calcium carbonate, magnesium sulphate heptahydrate and sodium
sulphate were employed. Artificial soiling was carried out under forced conditions, using
hard bristle brushes with flat tips, so that the mixture adhered to the surface and between
the interstices of the weave [9]. The amount of mixture deposited was about 1 g for each
mock-up sample and was determined by weighing the sample before and after application
of the mixture with the brush. Cleaning tests were also performed on mock-up samples
(Figure 4) in order to quantify the deposited particulate material (DPM). It is interesting
to note that among the various methods used, the one capable of removing the greatest
amount of DPM was immersion washing (Figure 5), although it should be noted that this
technique is the most invasive. The method based on hydro-aspiration is the second most
more effective one. To confirm the correctness of the observations made on the efficiency of
the methods, it can be noted that the trend of the quantity of DPM removed is the same on
the tapestry and mock-up samples, as reported in Figure 5.
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The morphological characterisation of the surfaces of the quartz filters was performed
by means of SEM-EDX analysis. For each sample, a 1 cm2 punch, which visually showed
a higher dirt accumulation, was obtained, placed on the sample holder and analysed. For
each cleaning method used, the filters collected after 1.5 min and 5 min samplings were
analysed. In Figure 6a,b the SEM images of filters collected after 1.5 min and after 5 min
together with the corresponding EDX analyses, as regards method A (hydro-aspiration),
are shown. The presence of silver and sulphur allows us to assume that the particles are
composed of silver sulphide attributable to the degradation of the wire. This finding puts
in evidence that the cleaning method applied tends to remove the sulphide flakes that,
more or less compactly, cover the metal surface. However, it is interesting to note that when
analysing the filter collected after 5 min (Figure 6b), the amount of silver is lower (Table 1):
9.3% compared with 17.3% found on the filter collected after 1.5 min. This means that we
can assume that no further silver-containing particles are removed after the first cleaning
step. It is worth noting that Si is mainly due to the quartz filter, even if a contribution due
to the soil dust deposited on the tapestry surface cannot be excluded, also because of the
presence of Al and Ca, elements typical of aluminium calcium silicates. They are among
the constituents of the aerosol particulate matter that can be deposited on the works of art.
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A (hydro-aspiration) after 1.5 min (a) and 5 min (b).

Table 1. EDX analysis acquired on area a (a) and area b (b). * Si is mainly due to the quartz filter. The
precision of the results reported is 5%.

Element (Weight %) Si * S Ag Al Ca Cl

Area a (1.5 min) 53.9 2.6 17.3 2.1 5.0 14.1

Area b (5 min) 72.6 1.4 9.3 0.8 3.9 11.9
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It is worth noting the comparison of method A with the other cleaning procedures.
For example, analyses carried out on the filter collected by method C (lower pressure-table)
after 1.5 and 5 min also revealed numerous particles containing sulphur and silver, as
shown in Figure 7a,b. Method C appears to be rather invasive as evidenced by the larger
size of the silver sulphide particles removed.
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Figure 7. SEM images and the corresponding EDX analyses acquired on quartz fibre filters by method
C (lower pressure-table) after 1.5 min (a) and 5 min (b).

Table 2 shows the results of EDX analyses performed on areas of 200 × 200 µm2 on
quartz fibre filters sampled with the four different cleaning methods at different times
(for methods C and D, the results obtained after both 1.5 min and 5 min of aspiration are
shown). Methods C and D are those that remove the highest amount of Ag (and similarly
sulphur, i.e., these methods remove the most protective patina). It should be noted how
method D also removes Au particles. It is important to stress that the method based on
hydro-aspiration is therefore the least invasive on the metal threads.

Table 2. EDX analysis acquired on punched areas (200 × 200 µm) of quartz fibre filter collected by
the different cleaning methods after 1.5 or 5 min. The precision of the results reported is 5%.

Method Time Ag % Cu % Au % S %

A 1.5 min 31.0 1.0 - 2.5

B 1.5 min 23.1 - - 3.8

C
1.5 min 63.1 - 5.3

5 min 55.7 2.2 6.7

D
1.5 min 64.8 9.2

5 min 49.3 4.9 15.5 7.6
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Ion chromatography has been applied to determine ion concentrations in the solutions
produced during cleaning operations carried out at certain interval times as described
previously in the text.

Comparing the capability of removing soluble species such as chloride, nitrite, nitrate
and sulphate, on the base of the results obtained by IC, it has been observed that, in general,
the hydro-aspiration method allows removal of a higher quantity of ions. In Figure 8, the
trend of ion concentrations in the solutions obtained cleaning by method A on two tapestry
areas with gilded silver and gold threads is provided. Gold threads seem to be characterized
by higher concentrations of soluble species retained in the solution during the cleaning.
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Figure 8. Trend of ion concentrations determined in the solutions obtained by cleaning two areas
where gilded silver or gold threads are present, respectively, using method A.

Finally, in order to determine the amount of carbonaceous material removed by the
different cleaning methods, the quartz fibre filters collected by performing the cleaning
operations on both a gold and a gilded silver yarn area were analysed using TOT. This
technique is normally applied to quantify organic carbon (OC) and elemental carbon (EC)
within atmospheric aerosols. In Figure 9, OC, EC and TC (total carbon is the sum of OC
and EC) are provided. It is worth noting that elemental carbon, also known as black carbon
due to its characteristic dark colour, is the main one responsible for the blackening of the
surface. Analyses were performed on filters collected after 1.5, 3, and 5 min and after
a 1.5 min rinse. As can be observed, method A based on the hydro-aspiration method
(Figure 9a,b) is able to remove more of both OC and EC and is the better choice compared
with the other methods. However, by comparing the trends of OC and EC concentrations
on the two areas, it can be observed that the gilded silver yarn releases a greater quantity
of carbonaceous particles, and a further rinse is also necessary for a complete removal.

It is worth noting that TOT measurements are performed on a selected filter area of
1.5 cm2. Because of this, and since the deposition of particles on the quartz filter is not
perfectly homogeneous, it was decided not to report the data as total quantity of OC, EC
and TC on the filter, and consequently the values are reported as µg/cm2.
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EC, elemental carbon) determined on quartz fibre filters sampled during: (a) the cleaning procedure
with method A on an area where a gold thread is present; (b) the cleaning procedure with method A
on an area where a gilded silver thread is present; and (c) the cleaning procedure with method B on
an area where a gilded silver thread is present.

4. Discussion

It is important to note that electron microscopy observations revealed the state of
degradation of the metal fibres, subject to decohesion, in the central decoration of the
tapestry. In addition, SEM-EDX investigations revealed the presence of a patina consisting
of silver sulphide. Characterisation of the dirt removed from the surface of both the
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tapestry studied and some mock-up samples was carried out for the first time using a multi-
analytical approach involving techniques such as SEM-EDX, IC and TOT, normally used
for the study of atmospheric aerosols. Some important findings emerged:

– The recently developed method based on hydro-aspiration is the one that allows
the greatest amount of DPM to be removed from both the tapestry and the mock-up
samples (see Figure 5), with the only exception of the washing by immersion method
(which is, however, more invasive).

– The hydro-aspiration method is the least invasive in removing the silver sulphide
patina present on the surface of the yarns (see Table 2).

– The method based on hydro-aspiration allows the removal of both a greater quantity of
ions (chlorides, which are present in higher concentration, nitrates and sulphates) and
a higher quantity of carbonaceous particles (both OC and EC), as shown in Figure 9.

Regarding the trend in the removal of carbonaceous particles, the different behaviour
of the gold fibres compared with the gilded silver ones (Figure 9), for the same cleaning
method (in this case method A), probably depends on the fact that the gilded silver yarns,
being coated by the silver sulphide patina, retain more dirt and in particular carbonaceous
particles. On the other hand, it was also observed that (Figure 8) a slightly higher quantity
of soluble species is removed from gold yarns, even if the trends on the two kinds of yarns
are comparable.

Based on the results of the diagnostic investigations, the state of preservation of the
original materials and the need to consolidate the textile weave through integrative and
conservative restoration was evidenced.

5. Conclusions

The present work is aimed at comparing the efficiency of different cleaning methods,
some traditional methods and a recently developed cleaning system, that are applied in
the restoration and maintenance of tapestries, a topic that to our knowledge has been
little treated in the scientific literature. The analytical set-up developed was applied to
a precious tapestry from the Quirinale Palace (Rome). Because of the fragility, in particular
the areas where metallic yarns are present on the textile artefact and the need to clean
these at the same time preserving the integrity of the metallic yarns, the new recently
developed innovative system based on the hydro-aspiration was employed together with
more traditional methods.

The analytical techniques applied (SEM-EDX, IC, TOT) allowed us to compare the
effectiveness of the different cleaning methods and evaluate their effect on the textile
artefact. Although SEM-EDX has been previously employed in some studies to evaluate the
state of preservation of textile fibres, IC and TOT, together with SEM-EDX, were applied
here for the first time to test and compare the effectiveness of cleaning methods by analysing
the deposited dirt, i.e., the carbonaceous fraction present in the particulate matter or the
soluble species present on the surface of the tapestry.

The hydro-aspiration method turned out to be the least invasive one towards the metal
yarns, allowing removal of dirt but at the same time preserving the yarns and avoiding
detaching the fragile corrosion patinas. In conclusion, the added value of the present work
with respect to the state-of-the-art in the field is to have a less invasive and at the same time
effective cleaning method available.
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