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PREFAZIONE

BRAI M

Questo volume raccoglie i contributi degli Autori che hanno preso parte al primo
workshop: Diagnostics for Cultural Heritage: Analytical Approach For An Effective
Conservation, tenutosi a Palermo il 10 giugno 2013, nella splendida cornice della
Cappella di S. Antonio Abate, all’interno del complesso monumentale di Palazzo
Chiaramonte Steri.

In questa raccolta viene posta in evidenza la necessita di un approccio scientifico
interdisciplinare e vengono ben focalizzate le competenze scientifiche integrate
nell’intento di affrontare i diversi aspetti degli interventi di conservazione e di
fruizione dei Beni Culturali.

Lo studio accurato del Bene Culturale diviene, infatti, esso stesso documento storico,
ed indubbiamente risulta essere uno strumento indispensabile per la prevenzione del
degrado, per I’ottimizzazione degli interventi di restauro e per la scelta dei protocolli
di conservazione.

Il workshop Diagnostics for Cultural Heritage: Analytical Approach For An Effective
Conservation, & stato quindi rivolto alle tecniche fisiche, chimiche, biologiche,
geologiche, applicate sia ai materiali costituenti i Beni Culturali sia ai materiali
innovativi ideati per le procedure di restauro e conservazione degli stessi.

Il workshop che ha visto la partecipazione di illustri esponenti Internazionali e
Nazionali nell’ambito delle tematiche trattate, & stato anche un’occasione per la
presentazione di alcuni dei risultati ottenuti da studenti del Master di Il Livello
“Ricercatore Esperto di Nanotecnologie e Nanomateriali per i Beni Culturali”
durante lo svolgimento delle attivita di tesi sperimentale.

Il volume vuole essere una testimonianza dei risultati esposti dai partecipanti in

questa, spero ripetibile, occasione.

Maria Brai:maria.brai@unipa.it
Responsabile Scientifico del Laboratorio di Fisica e Tecnologie Relative - UniNetLab —
Universita degli Studi di Palermo — Viale delle Scienze Ed. 18 — 90128 Palermo.
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NEW NANOMATERIALS FOR

CONSERVATION OF STONES AND OTHER
BUILDING SUBSTRATES

Mosquera M. J
Illescas J. F
Pinho L

Facio D. S
Elhaddad F

ABSTRACT

Our research group has recently designed several products for restoring and protecting building
materials. Specifically, we have prepared consolidant products, hydrophobic and
superhydrophobic materials, and photoactive products with self-cleaning properties. No
heating process are required in any of the synthesis processes developed in our laboratory.
Thus, our products are very suitable for application on thermally-sensitive substrates; they are
produced by a low-cost process; and, of especial relevance, they meet the operational and
commercial requirements for application to exterior surfaces of large buildings and structures.
The process is so simple that the coatings are produced on the exposed surfaces requiring
treatment, under outdoor conditions, using very common deposition methods, such as brushing
or spraying. Some of these products are available as commercial products under the
corresponding exploitation patents.

INTRODUCTION

Commercial products containing alkoxysilanes, such as tetraethoxysilane (TEOS), are
commonly applied in the restoration of ancient buildings and monuments. These products
polymerize in situ inside the pore structure of the decay stone, through a classic sol-gel
process, and significantly increase the cohesion of the material. Their advantages are well
known: (a) the low viscosity of TEOS allows it to penetrate deep inside porous stone; (b) after
polymerization, which occurs upon contact with environmental moisture, a stable gel with a
silicon-oxygen backbone is formed. However, a negative aspect of these materials is their
tendency to form brittle gels susceptible to cracking. It is well-known that one serious
limitation of the sol-gel method is the occurrence of cracking during the drying phase. This
limitation has prevented the more widespread use of the sol-gel route for producing monoliths
and films [1].

In the case of commercial products containing TEOS, two main reactions take place during the
sol-gel transition: the first is the hydrolysis of the ethoxy groups to form silanols (equation 1),
and the second is the condensation of silanols to generate the silica polymer network (equations
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2 and 3). Condensation also occurs between TEOS monomers and hydroxyl groups located on
the silica mineral surface in the stone. The process concludes when the solvent is removed
from the gel pores. After the solvent removal phase, a brittle xerogel that cracks inside the

stone is formed (see Figure 1).

;SiOH 2 =Si OH + ROH (equation 1)
=Si—OH+HO Si== =Si-0-8i=+H,0 (equation 2)
=Si—OH + RO Si== =Si—O-Si=+ROH (equation 3)

Obviously, the question is: why do these commercial consolidants crack? In order to answer
this question, we need to consider, briefly, the drying mechanisms of gels. A gel is composed
of two phases: the polymer network and the solvent, which is present inside the pores of the
network. When the solvent evaporates, a liquid-vapour interface is formed in the pores of the
gel. As the solvent wets the wall of the pores, a concave meniscus is created. As Scherer
reported [2], the gel cracking occurs as a result of stresses caused by the existence of a
meniscus at the liquid-vapour interface, which generates a differential capillary pressure within
the gel. This makes the network shrink until it becomes stiff enough to resist the stress imposed
by the capillary pressure. At this point, the maximum capillary tension is reached inside the
network. Its value is given by the Young-Laplace equation, which (assuming cylindrical pores)
is:
p = M ) (equation 4)

max r
p

where v is the liquid-vapour tension, 0 is the contact angle of liquid to pore wall, and r,, is the
pore radius.

Cracking is generated by the high capillary pressures supported by the gel network during
drying. According to equation 1, smaller pores are subject to higher pressure than larger pores.
Thus, dense gels containing micropores, typically obtained from TEOS, are susceptible to
cracking. Earlier, we [3] have characterized the pore structure of dried gels from two popular
commercial consolidants: Wacker OH, from Wacker, and Tegovakon V (TV100), from

Evonik. The pore size of the dried gels was estimated to be below 3 nm. We concluded that
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the small radius of the pores in the network gives rise to high capillary pressure values
responsible for cracking.

This article examines the current research carried out in our laboratory with the object of
obtaining crack-free nanomaterials with application in stone conservation. Firstly, we discuss
the strategy developed to obtain nanomaterials with application as stone consolidants. Next, we
report about the hydrophobic and superhydrophobic products developed in our group. Finally,

we describe the photoactive materials with self-cleaning properties.

CONSOLIDANT PRODUCTS

We have designed novel nanomaterials for application as stone consolidants using an
innovative synthesis strategy in which the sol-gel transition occurs in the presence of a
surfactant [4]. This provides an efficient means of preventing the gel from cracking while it is
drying inside the stone, by two mechanisms: (a) the surfactant creates a coarsening of the gel
network that reduces the capillary pressure; (b) the decrease of surface tension provided by the
surfactant also reduces the capillary pressure.

We demonstrated that the consolidants prepared in our laboratory fill the rock pores more
efficiently and provide a significantly greater increase in the compression strength of several
types of building stone than the commercial consolidant TV100 tested in the study [4]. Figure
1 shows a comparison of micrographs of untreated biocalcarenite (from San Cristobal Quarry),
which is the most popular building rock employed in Spain’s southwest region. The untreated
biocalcarenite reveals the presence of quartz and calcite crystals, typical of this rock (Fig. 1a).
The TV-consolidated stone shows the formation of a dense gel coating inside the stone,
severely affected by cracking (Fig. 1b). In contrast, the biocalcarenite consolidated with UCA
presents a continuous and crack-free mesoporous coat, consisting of uniform particles (Fig.
1c). These micrographs demonstrate that the new nanomaterial designed in our laboratory
avoids the main disadvantage of current commercial consolidants, which is their tendency to
crack inside the pores of the stone.

The next step in our research was to modify the synthesis process in order to prevent the
employment of ethanol or other organic solvents from the starting sol [5]. There are two
important reasons for aiming to remove volatile organic solvents: (a) to make ‘green’
conservation products; and (b) to increase the proportion of dry matter of the product that is
applied onto the substrate, in order to improve its effectiveness.

We designed a low-cost procedure in which a silica oligomer is simply mixed with a surfactant

by ultrasonic agitation.
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Figure 1. Scanning electron micrographs of the biocalcareous stone tested: (a) untreated; (b) consolidated
with TV100; (c) consolidated with UCA, from reference [1].

Our in depth investigation of this material revealed that it is composed of silica particles as a

result of the role played by n-octylamine.

HYDROPHOBIC AND SUPERHYDROPHOBIC PRODUCTS

Since water is the main vehicle of decay agents for building materials (soluble salts, micro
organisms..), the subsequent step in our research was to give with hydrophobic properties to
the restoration products developed in our laboratory. Our target was to offer two treatments,
consolidation and hydrophobicity, by means of one single application of the material. In order
to achieve this objective, we prepared a hybrid organic-inorganic mesoporous framework by
co-condensation of TEOS and an organosiloxane, hydroxyl-terminated polydimethylsiloxane
(PDMS), in the presence of n-octylamine [6]. Similarly to the consolidant product, we have
also avoided volatile organic components in the starting sol [5]. Stones treated with this hybrid
material present high contact angle values because of the presence of PDMS chains integrated
into the silica skeleton of the material. It is well known that PDMS has a very low surface
energy, which produces contact angles in the range of 95-115°. We also confirmed that any

water was not absorbed, confirming the hydrophobic behavior of the product.

Recently, we have also produced superhydrophobic surface coatings. In recent years
superhydrophobic surface coatings have attracted considerable attention because of their
numerous claimed properties, such as bio-mimicking, anti-adhesion, contamination prevention,
water repellent and self-cleaning capacities. The requirements of these coated surfaces are to
generate a water contact angle greater than 1500 and a low contact angle hysteresis, below 10°.
This last requirement is important because water droplet movement (repellent effect) depends

on contact angle hysteresis (difference between advancing and receding contact angles).
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We demonstrated that the addition of silica nanoparticles to a mixture of organic and inorganic
silica oligomers in the presence of a surfactant produces a coating of closely packed particles.
The effect of this is to trap air beneath the water droplets, thus significantly minimizing the
contact area between droplet and surface. This hypothesis is confirmed by AFM and SEM

images shown in Figure 2.

Figure 2. AFM 3D topography images and SEM images of the surface of the untreated stone and its
treated counterparts: (a) Untreated, (b) BS290, (c) UCA-TP, (d) UCA-TPS, from reference [7].

In this study, a composite prepared in our laboratory containing silica particles (UCA-TPS)
was applied on building sandstones with a porosity of 4.5% [7]. For comparative purposes, a
product without particles (UCA-TP) and a commercial hydrophobic product (BS290) from
Wacker were also evaluated. The morphology of the surfaces obtained (AFM and SEM)
perfectly matches the contact angle results obtained, as explained in the following paragraphs.

The untreated stone surface presents a random roughness associated with its. The morphology
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of the stone is practically unmodified after the treatment with the commercial product. It
suggests that BS290 is not capable of covering the underlying substrate. In the case of the stone
surface with UCA-TP coating (product without particles), we can observe some modification
of the surface. N-octylamine creates a silica gel composed of uniform particles that are
perfectly observed on the stone surface visualized by SEM. Nevertheless, the distribution of

these particles on the surface is random and they are not very densely packed.

For the nanocomposite material (UCA-TPS), the morphology of the coating is substantially
different. Specifically, the silica particles integrated in the starting sol are aggregated with the
silica particles created during sol-gel transition. Thus, larger aggregates of particles are created.
Thus, we can clearly observe a coating on the stone surface composed of densely-packed
uniform particles of around 100-120 nm. We think that the formation of this close-packed
coating on the stone surface is the key factor that induces the property of superhydrophobicity.

SELF-CLEANING PRODUCTS

Our group has also designed an effective synthesis method developed for producing
photoactive titania-silica nanocomposite coatings with self-cleaning application. Since the
early discovery of the self-cleaning properties of titanium dioxide, it has been considered to be
the most efficient, stable and cheap photocatalytic material available.

Specifically, composite coatings are prepared by dispersion of TiO, nanoparticles in a
mesoporous silica matrix in the presence of n-octylamine [8-10]. This surfactant acts in several
distinctive ways in the synthesis: (a) it prevents the unwanted aggregation of titania particles in
the starting sol; (b) it acts as a basic catalyst of the sol-gel transition; and (c) finally, as in the
previous products, by acting as a template, it increases the pore size of the final material, thus

preventing unwanted cracking.

We have demonstrated that these new coating materials are capable of: (a) adhering firmly to
the stone surface to ensure that the conservation and self-cleaning properties of the coating
have a long-term effect; (b) increasing the mechanical resistance of the stone; (c) providing
proven self-cleaning properties to the stone coating; and (d) providing hydrophobic properties

to the coating.

In order to confirm the TiO,/SiO, structure, a three dimensional characterization was
performed by means of electron tomography (see Fig.3). The nanocomposite is composed of

silica nanoparticles of nearly uniform size, created by an aggregation mechanism due the effect
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of n-octylamine. The pre-formed titania nanoparticles are integrated in the silica aggregates.
We have also demonstrated that some of the titania remains outside the silica matrix, as
individual nanoparticles, which permits a direct photodegradation. These features favor the fast
removal of methylene blue due the synergistic effect of its adsorption in the mesoporous silica

structure and its photodegradation by titania nanoparticles.

he.
TiO, + SiO,
Figure 3. 3D reconstruction of the tomography series acquired for TiO,-SiO, nanocomposite. This

allows an independent analysis of both the tridimensional structure and spatial distribution of TiO, and
Si0,, from reference [9].
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THE ROYAL PALACE OF MADRID, SPAIN.

TWENTY YEARS OF STONE
CONSERVATION RESEARCH

Alvarez de Buergo M
Fort Gonzalez R

INTRODUCTION & AIMS

The Petrology applied to Heritage Conservation research group has been involved in the
conservation and restoration of the Royal Palace of Madrid, Spain (Figure 1), for almost two
decades. Its construction started in 1738 and ended in 1764, during the reigns of Felipe V
(Philippe the 5™) and Carlos III (Charles the 3™). The architect commissioned for the work was
J.B. Sachetti. The entire building is made of stone; the basement and walls are of granite, and
white limestone is used for ashlar bases, columns, pilasters, cornices, sills, balustrades, etc. The
materials employed, its architectural style and ground plan are typical to most 18th century
buildings in Madrid. The palace, since 1982, belongs to National Trust, institution in charge of
its management and preservation.

The studies and investigations that the group has developed in the royal complex have been
supported on the deep knowledge of stone materials together with conservation science, and in
most of the cases, aimed to solve real and practical problems the building was experiencing in

different moments.

Figure 1. South facade of the Royal Palace, Madrid, Spain

The aim of this paper is to show some of the main works, studies and researches that have been
performed in the Royal Palace of Madrid complex in the last two decades. These are related to
the characterization of the building stones and their decay condition, the assessment of the urban
reorganization in the royal complex surroundings, the conservation treatments assessment, both
in situ and in the laboratory, some iron corrosion processes in the architrave area, the analyses

and studies carried out before the 2003’s intervention in the building, the stains that appeared
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after this intervention, and finally, the Geomonumental route that was developed with all the
collected data and analyses, trying to show how Geology can be an added value in any stone
cultural heritage item, in this case, referred to the case study of the Royal Palace of Madrid,
Spain.

As this is a compilation of all the investigations performed during many years, and most of them
are already published, the methodology used in each case must be consulted in the respective

reference.

RESULTS

The main building stones used for the construction of the Royal Palace are granite and limestone
(Fort et al 2013). The granite (traditionally known as Berroquefia stone) is a monzogranite
containing cordierite and biotite, with an equigranular texture with fine-medium grain (1-3 mm
crystals). It crops out primarily in the Alpedrete area, in the Guadarrama Mountain Range,
located in the northern and western area of the Madrid’s province, and was used for Madrilenian
constructions mainly from the eighteenth century. Granite was used in the basement and walls
of the building (Fort et al 2004a).

Eighteenth century advances in underground quarrying made it possible to extract a Miocene
limestone from the Madrid Tertiary Basin (Colmenar stone) located in the southeastern part of
the region. The stone is a high quality material, very compact and white. It is a biomicrite—
biosparite, consisting of a bioclast skeleton and a paste in which the micritic matrix alternates
with sparitic cement. In the building it is used for ashlar bases, columns, pilasters, cornices, sills,
balustrades, etc (Fort el al 2004a, 2013).

This limestone and this granite became the Madrid’s most traditional building stones since the
18™ century, and both, highly esteemed for their excellent petrophysical properties (Table 1) and
durability, are still used today.

Corrosion has given rise to fissures in some areas of the limestone architrave sections due to the
oxidation of the iron ties and bars that hold them together (Fort et al 2004a, Fort & Alvarez de
Buergo 2012). Corrosion has even provoked the detachment of fragments of stone (one of them
as heavy as almost 0.5 Tm), exposing the oxidised iron. The iron ties causing this failure, are
made of high quality iron that contains few impurities. The water for corrosion to occur was
rainwater and through leakage of water from the top cornice. Iron always oxidises to ferrous
iron (which is soluble) and forms rust when it oxidizes to ferric iron. These transformation
processes cause an increase in volume of around 83% and the pressure exerted on the stone by

this volume increase may range from 147 to 196 MPa. Since the compression strength of the
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Colmenar limestone containing the ties is 95 MPa, the final result is intense fissuring and
fracturing of the ashlars. A survey of the architrave in the four facades of the building was
carried out. The prospection was performed mainly by measuring the ultrasonic propagation
velocity in indirect method (both transducers in the same face/plane) and by means of a
magnetometer (metal detector) to locate de iron bars for anchoring ashlars. Thousands of
measurements were done. Thank to these analyses, several points of severe risk of detachment

were located, and later on, removed and replaced during a restoration intervention (2002).

Table 1. Petrophysical properties of the Royal Palace’s building stones (from Fort et al 2013)

Granite (Berroquefia stone,| Limestone (Colmenar stone,
Alpedrete area) Colmenar de Oreja)

Density (kg m™) 2669 + 17 2579 +30

Water absorption (%) 0.3+£0.0 0.8+0.4

Porosity accessible to water ng (%) 0.8+0.1 3.8+1.2

Porosity accessible to mercury Hg (%) 0.5 39

% macroporosity 99 84

% microporosity 1 16

Ultrasounds velocity Vp (m/s) 4601 + 204 5941+ 111

An urbanistic reorganization of the area enclosing the Orient Square (in front of the East facade
of the Royal Palace) was carried out from 1995 till 1997 (Fort et al 2004b). The works consisted
of the construction of an underground passage along Bailén St., the street in front of the
mentioned East fagade (thus restricting traffic and increasing the pedestrian area) and also an
underground parking (for residents and tourist buses). The concentration of atmospheric
pollutants was recorded by a pollution station placed in the building’s East facade (Bailén St.)
from 1994 to 1998, before and after the reorganization works, respectively. Atmospheric
pollution is the responsible for the soiling and black crusts formation on the stone surfaces.
Soiling is more severe in limestones than in granites. This soiling was favoured by vehicles
circulation at a distance of 4 meters far from the East fagade, being the North fagade also
exposed to the effects of traffic, especially in the area close to Bailén Street and thus to traffic
circulation.

Data from 1998, in comparison to those obtained in 1994, show a reduction in most of the
pollutants concentration: 53% for particulate matter, 42% for SO2, and 25% for NOx. This

environmental pollution decrease have made the building materials used for the construction of
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the Royal Palace to be less affected by the soiling processes and by the black crusts formation
due to sulphation. Therefore, once these deterioration processes slowed down, it was the
moment to carry out the cleaning of the facades of all the emblematic monuments of the
surroundings.

The efficiency of several hydrophobing products on both building stones was evaluated in the
laboratory (Fort et al 2000). Best performance on granite was obtained from siloxane-based
protective treatments with organic solvents. Next best results were obtained using microwaxes-
based treatments. Acrylic resins are the least effective in protecting the stone. All treatments
maintain the same level of effectiveness before and after undergoing accelerated ageing tests,
with the exception of methacrylates, where hydrophobing properties are reduced, particularly
after freeze-thawing cycles, and microwaxes when applied on the most altered granites.

Best protection for limestone is obtained from both microwaxes and siloxanes, the latter less
durable. Water-based siloxanes are less effective and notably less durable than siloxanes with
organic solvents.

Some in situ testing was carried out in order to assess these protective treatments based on their
chromatic evolution (Fort et al 2002). Performance of different treatments was evaluated in both
the granite and limestone of the 4 building facades. Their behavior differed according to the
orientation of the wall and the level of pollution to which every fagade was subjected to. Soiling
of stone treated with alcosiloxane-based products is more acute than that of untreated stone. In
view of this, use of these treatments is not advisable. On the other hand, stone treated with
methacrylate and oligosiloxane-based products underwent few changes after a natural ageing
period of 4 years.

During the 2002 cleaning operation on the Royal Palace facades, some stains actually became
much more visible after the limestone and granite stones were cleaned (Varas et al 2007). These
stains were analysed by several instrumental techniques (both in situ and in the laboratory) and
were found to result from past protective treatments, especially a wax-based treatment that was
referred in the archives. Some of these treatments had formed thin, impermeable films that did
not allow the water inside the ashlar to evaporate. Sub- and crypto-efflorescences (gypsum,
thenardite and nitratite) broke the protective film, generating efflorescences on the surface. The
treatments had not penetrated the stone, and the stains were merely superficial. The method used
for the cleaning of the stone fagades (pressure water jet) was ineffective for the removal of these

protective treatments, which at present are deteriorating the stone on which they were applied.
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The geomonumental routes project’ (Perez-Monserrat et al 2006, Alvarez de Buergo et al 2007)
is one of the initiatives proposed in recent years for urban routes that convey geological
fundamentals by observing the rocks present in heritage structures. Its innovative approach
addresses traditional stone properties, original quarrying sites and mechanisms of decay.
Madrid’s Royal Palace is a fine example of the use of traditional building stone in the centre of
the Iberian Peninsula. In this route, focused around Madrid’s Royal Palace (Perez-Monserrat et
al 2013), the building is viewed, on the one hand, as an outdoor geological museum in terms of
both formation and petrological properties of the traditional stone varieties used to build it. On
the other hand, it is seen as an on-site urban laboratory that allows to understand the interaction
between building stones, decay forms and causes of alteration. Careful observation of its facades
constitutes in itself a lesson in petrology and conservation science. The design of this route
draws heavily on the scientific research the authors of this article conducted on the palace for
over 20 years, and it was designed to communicate the breadth of this research to the general

public.

CONCLUSIONS

The 20-years study focused on the study of the conservation of the Royal Palace of Madrid,
Spain, shows how Petrology can serve to improve the knowledge on cultural stone materials,
their properties, provenance, the assessment of the most adequate conservation and restoration
techniques, the planning of intervention projects, and also the monitoring and assessment of past
ones. The Geomonumental routes constitute a very useful tool to approach Geology, Petrology

and Conservation Science to society.
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PRODOTTI NANOSTRUTTURATI PER LA
PROTEZIONE DI SUPERFICI LAPIDEE:

VALUTAZIONE DELL’EFFICACIA MEDIANTE
TECNICHE FISICHE NON INVASIVE

Alaimo G, Alberghina M. F
Codan B, Enea D
Fernandez F, Fontana D
Livreri P, Todaro L
Tranchina L, Brai M

ABSTRACT

The use of nanoproducts in the Cultural Heritage (CH) field requires great sensitivity and
responsibility and, above all, analytical research and studies evaluating effectively their
potential use. In order to evaluate the capability of nanostructured protective in the CH field,
limestone materials of historical-artistic interest were treated and then studied. The study
focuses on the non-invasive evaluation of samples stone, of interest in the CH field, their
surface has been tested with nanostructured products. In particular, samples of limestone of
Favara (Sicily) have been studied, before and after artificial aging. The analytical methodology
involved X-ray fluorescence measurements, in order to evaluate the elemental composition
differences between treated and untreated samples; spectrophotometric measurements to
determine the colour changes due to the protective application, contact angle estimations on the
untreated/treated surfaces and, finally, evaluation of the amount of the absorbed water by
capillarity. The samples were, also, artificially aged inside a microclimate chamber, in order to
evaluate how the waterproofer properties of the nanostructured products are affected by
temperature and humidity. The investigation, repeated after saline chamber, allowed to
evaluate the treatments effectiveness and, in particular, their persistence after aging through Si

presence/absence, selected as a XRF marker of nanostructured protective layer.

INTRODUZIONE

Il problema della protezione dei manufatti lapidei, sia di interesse storico-culturale, che
industriale e civile, emerge gia nei primi anni ‘70. Gli studi nel corso dei decenni hanno portato
alla ricerca e perfezionamento di nuove soluzioni e formulazioni, che potessero aumentare la
durabilita dei manufatti. Una delle principali cause del degrado viene riconosciuta nel ruolo
dell’acqua, di condensa o piovana, che agisce a livello fisico/meccanico e chimico. Fenomeni
ciclici di gelo/disgelo possono indurre sollecitazioni meccaniche tali da portare al
deterioramento estetico e/o strutturale del manufatto. Nel caso di degrado chimico, I’acqua puo
veicolare sostanze presenti nell’atmosfera (ad es. CO,, NO, e SOy), nocive per il materiale

lapideo. Nel caso di degrado fisico/meccanico un ruolo fondamentale ha la dimensione dei
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pori: si possono distinguere tre classi di porosita: i) macropori (con diametro d > 50 nm), if)
mesopori (con diametro 50 nm < d < 2 nm) e i) micropori (con diametro d < 2 nm) che sono
quelli piu pericolosi poiché permettono una maggiore penetrazione capillare dell’acqua. La
composizione chimica nel materiale lapideo determina, invece, la resistenza all’attacco acido,
dovuto agli agenti inquinanti in soluzione acquosa. L’effetto combinato di microporosita e
bassa resistenza chimica possono causare danni in tempi molto brevi. Tali alterazioni
fisico/chimiche possono manifestarsi anche in un’alterazione del colore della pietra, causando
una variazione estetica della superficie di interesse storico-artistico.

Diverse soluzioni per la protezione delle superfici lapidee sono state sviluppate nel corso degli
anni, tra cui ’applicazione di film polimerici a bassa tensione superficiale (ad esempio
polimeri acrilici, fluoropolieteri o silossani), prodotti a base di organo-silani e, nell’ultimo
decennio, si ¢ verificato un notevole incremento dell’impiego delle nanotecnologie, sfruttando
le proprieta che i materiali possono presentare a livello nanometrico per produrre film
compatibili e, al contempo durevoli, capaci di conferire alla superficie importanti proprieta
quali, ad esempio, la riduzione di bagnabilita della superficie, stabilita del colore del manufatto
anche dopo I’applicazione, aumento della resistenza agli agente atmosferici del film protettivo
e facilita di applicazione.

Nel presente lavoro sono state confrontate le proprieta chimico-fisiche dello strato protettivo di
alcuni prodotti commerciali tramite la valutazione dell’angolo di contatto, analisi di
fluorescenza ai raggi X (XRF), misure spettrofotometriche tutte finalizzate alla valutazione
della resistenza chimica e delle proprieta ottiche, anche dopo 1’esposizione in camera salina per
una settimana. Tramite la valutazione dell’efficacia dei prodotti nanostrutturati testati ¢ stato
possibile individuare il protettivo maggiormente efficace per risolvere il degrado per
dissoluzione dovuto alle acque meteoriche e degli inquinanti ambientali che interessano il
materiale lapideo (calcare di base) costituente il rivestimento del prospetto della Biblioteca “A.
Mendola” di Favara (AG).

Lo studio affrontato, inoltre, ha permesso di valutare quali delle tecniche strumentali di tipo
portatile utilizzate in laboratorio possono fornire preziose informazioni per testare 1’efficacia
dei trattamenti, definendo cosi un protocollo di misura da testare direttamente in situ sul

materiale in opera.
MATERIALI E METODI

In funzione delle caratteristiche fisico-chimiche del manufatto oggetto di studio e delle

problematiche riscontrate sono state selezionate due tipologie di protettivi commerciali tra
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quelli di nuova concezione basati sulle nanotecnologie: tre prodotti della Linea Ector -
distribuiti dalla R&R Group srl — (RPP-1000; PP50; RP50 + PAV_A/PAV_B) e un prodotto
anch’esso dichiarato a base di nanosilice, denominato nel seguito Prodotto A. I risultati
analitici sono stati confrontati al fine di evidenziarne da una parte, le potenzialita e I’efficacia
di ciascun protettivo e, dall’altra, al contempo, verificare la piu corretta applicazione
metodologica da replicare in situ. Le indagini sono state condotte per la caratterizzazione dei
campioni tal quali, tagliati in forma cubica con lato 3 cm, e parallelamente, di quelli sottoposti
ai trattamenti protettivi testati. In particolare, sono state eseguite: analisi tramite fluorescenza a
raggi X (XRF), analisi spettrofotometrica, misura dell’angolo di contatto e determinazione del
contenuto di acqua per assorbimento capillare. L’analisi XRF ¢ stata realizzata per determinare
la composizione superficiale del materiale lapideo e determinare gli elementi chimici estranei
al materiale lapideo, apportati dall’applicazione del protettivo, individuando marker per
monitorare la presenza/assenza del prodotto applicato, verificandone cosi la persistenza in
superficie a seguito di processi di invecchiamento artificiale. Considerata [’elevata
disomogeneita della superficie lapidea indagata, che presenta importanti aree di
ricristallizzazione e inclusioni, sono state eseguite 3 misure su differenti punti dell’area
campione i cui risultati sono stati mediati per ottenere informazioni sulla composizione chimica
(elementi costituenti) quanto piu significativa. L’analisi spettrofotometrica, pur con la
limitazione dovuta all’elevata disomogeneita chimico-fisica che caratterizza il calcare di base
in esame, ha avuto lo scopo di monitorare e documentare le variazioni colorimetriche che
hanno interessato i campioni analizzati in seguito al trattamento protettivo e al successivo
invecchiamento, evidenziando la presenza di cambiamenti delle proprieta ottiche della
superficie indagata. Infine, la misurazione dell’angolo di contatto (Normal 33/89) e la
valutazione della quantita d’acqua assorbita per capillarita (secondo le raccomandazione della
norma UNI 10859), sono state condotte per verificare 1’idrorepellenza conferita alla superficie

trattata e per determinare la quantita di acqua assorbita da ciascun campione.

RISULTATI

Lo studio diagnostico sul materiale lapideo proveniente da cava storica utilizzata nell’edilizia
monumentale del comune di Favara (AG) e sui prodotti nanostrutturati testati ¢ stato effettuato
non direttamente in situ ma, attraverso indagini su campioni della stessa tipologia di pietra
utilizzata per la realizzazione della parte basamentale del prospetto della biblioteca impiegando
metodologie di indagine non invasive realizzabili tramite strumentazione portatile e, quindi,

replicabili in situ.
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L’analisi XRF, effettuata su tutti i campioni ha permesso, prima del trattamento, di identificare
gli elementi chimici costituenti e, post trattamento, di verificare se 1’applicazione del prodotto
ha causato modificazioni o variazioni della composizione, individuando elementi chimici da
utilizzare come marker per monitorare lo strato di protettivo e la sua persistenza sulla
superficie trattata a seguito dell’invecchiamento artificiale in camera salina. Dai dati ottenuti
dai campioni trattati con i protettivi della linea Ector (Fig. 1) si vede come il prodotto continua
a persistere sulla superficie anche dopo la settimana di invecchiamento in camera salina, al
contrario per i campioni trattati con il Prodotto A (Fig. 2), dove il segnale del Si scompare

completamente dopo la fase di invecchiamento.
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Figura 1. Calcare di base proveniente da Favara (AG): confronto tra il campione non trattato NT23 e i
campioni trattati per le tre tipologie di applicazione della linea Ector (T3, T9 e T12) prima e dopo
invecchiamento (T3 I, T9 Ie T12 I).
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