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Abstract: This study focuses on the Memorial Chapel, a historical site located inside the Tempio
Evangelico Valdese in Florence. In 1843, the first Anglican church in Florence, known as Holy Trinity
Church, was built by D. Giraldi. Around 1892, G. F. Bodley began the reconstruction of a new building
of neo-Gothic style at the same site, which was completed in 1904. This new church had a space
dedicated to memory called Memorial Chapel. In 1967, the monumental complex was acquired by the
Waldensians, now known as the Tempio Evangelico Valdese. This interdisciplinary investigation aimed
to study the most damaged painted walls of the chapel. For this purpose, samples of decorative
plaster mortars were collected from various points, after carrying out a digital mapping of the
degraded areas. Mineralogical, petrographic, optical, chemical, and microchemical analyses were
performed. This study made it possible to highlight the composition and the characteristics of the
different layers of the plaster mortars, permitting us also to identify the types of pigments used over
time in the paintings; furthermore, it was possible to reconstruct the degradation phenomena on the
walls and the events that caused them, providing valuable insight for targeted restoration efforts.

Keywords: Memorial Chapel; plaster mortars; paintings; interdisciplinary analyses

1. Introduction

The analysis of artificial materials, such as mortars, plasters, and/or painted plasters,
used in cultural heritage is an essential part of archaeometry and conservation research,
as it enables the knowledge of material culture [1-3]. Their characterization can provide
information about each component used in the realization and the technologies applied by
the craftsmen.

In particular, the study of mortars permits us to identify the raw materials used in their
production. For example, the presence of lumps, such as under-burnt stone in the binder,
can indicate the limestone used, while the type of the aggregate suggest the supply area.

Regarding the pigments used in the colored finishing layer of the plasters, the study
can provide important information on whether they are ancient and/or modern pigments
and whether there are multiple layers applied over time. This knowledge is fundamental
to the application of pigments suitable for the original materials.

Several studies use minero-petrographic, microchemical, and chemical character-
izations to gain important insights into the differentiation of construction phases and
restoration processes, and to provide important suggestions for the preservation of cultural
heritage [4,5].
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The study focuses on the Memorial Chapel, a site of historical-artistic interest and
commemorative nature, located inside the Tempio Evangelico Valdese on Via P.A. Micheli in
Florence [6]. The Memorial Chapel is considered one of the most interesting memorials
in Florence, as is the Laurel Cemetery, also known as the English Cemetery. Alongside
the Stibbert Museum, they symbolize the presence and influence of a notable foreign
community in Florence [7,8].

With the progressive increase of the English people in Florence during the 19th century,
the desire arose for a dedicated place of worship. Consequently, in 1843, the first Anglican
Church, named Holy Trinity Church, was built in Florence under the architect Domenico
Giraldi. Successively, around 1892, the architect George Frederik Bodley initiated the
reconstruction of a new building in the neo-Gothic Victorian style, completed in 1904 [7].

The layout of the renovated church, still visible today, consists of a room with three
naves, a presbytery in the north wall, a sacristy, and a library situated adjacent to the
Church. Additionally, there is a dedicated space for the remembrance, known as Memorial
Chapel. In 1967, the monumental complex was handed over by the Anglican community
to the Waldensian community and currently bears the name Tempio Evangelico Valdese. The
Memorial Chapel was retained within the church, representing a space dedicated to the
memory, distinct from the present church.

Unlike the decorations on the rest of the church walls, which, following the Waldensian
liturgical tradition, were partially covered because they were deemed superfluous, the wall
decorations inside the Memorial Chapel are preserved [7-9].

This study focused on investigating a specific area of the chapel’s walls, namely the
south-southeast wall, which shows an advanced state of degradation, characterized by the
loss of decorative integrity and aesthetic appeal of the plaster mortars, along with evident
lifting, swelling, and detachment. The aim of this study was to investigate the degraded
wall-painted plasters of the Memorial Chapel using an interdisciplinary approach. This
is essential given the unique historical significance and interest in preserving this site,
ensuring accurate information on its condition of decay. For this purpose, several samples
were collected from different areas of the wall and subjected to mineralogical, petrographic,
optical, chemical, and microchemical analysis [10,11]. Furthermore, the wall was digitally
mapped to highlight missing architectural relief. The study allowed us to identify the
phenomenology of degradation taking place on the wall, permitting the reconstruction of
the events leading to its appearance and providing a valuable tool for planning targeted
restoration interventions [12-14].

Historical Notes on Memorial Chapel

In the 18th century, the presence of a large English community in Florence, “attracted
by the presence of artistic and cultural resources” [7,8], encouraged academic trips, known
as Grand Tour. However, the English residents were looking for a place to pray. They
were hindered by Italy’s strict adherence to Catholicism, which tolerated no other religious
practices. Only in the 19th century the Grand Duke of Tuscany permitted foreign residents
to practice their religious worship in private chapels within Tuscan territory. This was under
close supervision, as the conversion of the local population was strictly prohibited [7,8].
Initially, the English community practiced religious worship clandestinely (1815-1820), in
private residences. Later, it discovered a small chapel on Via Maggio, sharing it with the
Swiss community (1828). It was not until around 1844 that they were able to manage to
construct their dedicated church building, the first Holy Trinity Church. This structure
was succeeded by the second Bodley-designed building, which now serves as the Tempio
Evangelico Valdese (Figure 1).
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Figure 1. Tempio Evangelico Valdese in Florence, where the Memorial Chapel is located (a). Plan of the
neo-Gothic Anglican church from an architectural survey conducted by architects M. Di Benedetto
and E Nobili (2021); position of the Memorial Chapel is in red (b). Investigated plastered walls of the
chapel (c).

The Memorial Chapel is in the southern and southeastern section of the Tempio Evan-
gelico Valdese (Figure 1a,b). The chapel has two mullioned windows, overlooking Via A. La
Marmora, realized with stained glass depicting scenes such as Magdalene with Christ and
the Annunciation. These windows were crafted by the London firm Burlison and Grylls,
established in 1868 by architects G.F. Bodley and T. Garner [9,15].

In the wall paintings of the chapel, Bodley expressed his admiration for the picturesque
Middle Ages, referring to the Decorated or ornate Gothic style prevalent in the late 13th
century, characterized by rich English colors and decorations (Figure 1c). He enlisted the
painters Malesci and Pistolesi who, between 1894 and 1895, decorated the walls of the
church with stenciled phytomorphic red designs and scrolls bearing the words “Kyrie
eleison” (Lord have mercy) on a green backdrop, which today are hidden under a new layer
of paint [15].

Inside the Anglican church, the Memorial Chapel was conceived as the place where
the English community could honor their loved ones who died in Florence, far from the
homeland. Its commemorative character is still evident through the presence of numerous
gravestones, an altarpiece, and an altar dedicated to memory. Many gravestone memorials
are embedded in the chapel’s walls, including one realized in stone, depicting two cherubs
in half relief holding a garland that encloses an inscription in memory of David Stanley,
Earl of Airlie, who was baptized there in 1856 and died in 1900. Another memorial, made
of metal, has a large heraldic emblem in bas-relief, dedicated to the very famous collector
Frederik Stibbert [15].
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The Memorial Chapel stands as a distinct element within the current Tempio Evangelico
Valdese, diverging from its decorative style. The chapel remains unused today and is closed
to visitors.

2. Materials and Methods
2.1. Sampling of the Degraded Areas

The Memorial Chapel exhibits a high degree of degradation, particularly evident in
the left corner of the wall facing south-southeast (Figure 2). Prior to the restoration of
the exterior facades (2010-2013), this area suffered significant damage due to both the
partial breakage of the adjacent window and fractures in the wall, which facilitated the
infiltration of rainwater, leading to moisture exchanges with the external environment. A
digital reconstruction of the macroscopic different forms of decay of the plaster mortars
on the aforementioned wall was obtained using Agisoft Metashape Professional (Version
1.8.4) and Gimp software (Version 2.10.34) [16-18]. Agisoft Metashape, a photogrammetry
software, processes digital images and generates 3D digital environments. Additionally,
this software provides detailed documentation and the flat reproduction of walls. Gimp
software, an image editor, was employed for a graphical representation of degradation-
related information. This software enables the highlighting of degradation areas through
synthesized graphics and relevant iconography.

/ Legend Decay

differential degradation

detachment
efflorescence
exfoliation
gap

spot

lack

swelling

_N‘IC9, MC9 green

MCI10,
MC10 pink

Figure 2. Digital reconstruction of the degraded areas of the chapel’s plaster mortars, which allowed
a graphic rendering, representing the walls [19] (a). Plaster mortars, painted layers, and efflorescence
sampled on the south and southeast walls of the chapel (b). For the ID sample, see Table 1.

The different forms of degradation were delineated and mapped with distinct colors,
shown in Figure 2a, accompanied by a legend and description of the decay phenomena [19].
This graphical documentation facilitated the distinction among the different layers consti-
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tuting the plaster mortars: the first layer, rinzaffo, which anchors to the masonry; the second
layer, named arriccio, which serves as levelling mortar; and the finishing layer, named
finitura [20-23].

The digital reconstruction of the most degraded area allowed us to conduct a more tar-
geted sampling (Figure 2b), enabling a thorough characterization of the various degradation
phenomena and types of the samples (Table 1).

The sampling was realized using scalpels and tweezers: plaster mortars (MC2, MC3,
MC4, MC9, MC10, MC11), efflorescence salt (MC1g), painted colored layers of the samples
MCS5 (green), MC6 (red), MC7 (green), MC8 (red), MC9 (green), MC10 (pink), from different
areas of the wall were collected. This approach allowed for the verification of the constituent
elements used and the evaluation of the state of conservation.

Table 1. List and typology of the samples.

ID Sample Type Investigated Material
MClg efflorescence Salt
MC2 rinzaffo and arriccio Plaster mortar
MC3 rinzaffo and arriccio Plaster mortar
MC4 rinzaffo and arriccio Plaster mortar
MCS5 green finitura Painted layer
MC6 red finitura Painted layer
MC?7 green finitura Painted layer
MCS8 red finitura Painted layer
MC9, MC9 green rinzaffo, arriccio and finitura Plaster mortar and painted layer
MC10, MC10 pink rinzaffo, arriccio and finitura Plaster mortar and painted layer
MC11 rinzaffo Plaster mortar

Different layers of plaster mortars-rinzaffo: anchoring layer to the wall; arriccio: levelling layer; finitura:
finishing layer.

2.2. Thermal Image Analysis

To better understand the degradation phenomena, a thermal imaging camera (Teledyne
FLIR E50bx Building Inspection Thermal Camera with 240 x 180 Resolution; Thousand Oaks,
CA, USA) was employed to assess the thermal condition of the area (Figure 3a). The
measurements were performed during the summer of 2022, with the external temperature
ranging between 34 and 38 °C. Figure 3b shows that the average temperature on the wall
was 29.3 °C. It was observed that many colder areas (depicted in blue) correspond to
regions most affected by detachments and swellings. The crack responsible for the intense
degradation in the corner has been properly restored. As a result, both the interior and
exterior walls of the chapel now exhibit a similar and constant temperature.

Figure 3. Image of the degraded wall (a), and distribution of the temperature revealed by the thermal
camera (b).
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2.3. Analytic Methodologies

The samples were subjected to mineralogical, petrographic, and microchemical analyses.

Petrographic observations in polarized light (PLM) were performed using the mi-
croscope Zeiss Axioscope A.1 (Carl Zeiss, Jena, Germany), equipped with a 5-megapixel
resolution video camera and Zen lite 3.1 image analysis software. This analysis allowed for
the visualization of the binder texture as well as the finer and medium-coarse aggregate
characteristics [24]. The same microscope was used to carry out reflected (RLM) and UV
light (UVLM) optical observations [25].

Mineralogical qualitative analyses were obtained by X-ray powder diffraction (XRPD)
on bulk powder samples of the plaster mortars, using a Philips PW 1050/37 diffractometer
(Philips, Almelo, The Netherlands) coupled with a Philips X'Pert PRO system for data
acquisition and interpretation. The detection limit for this method is 4%. The operating
conditions included 40 kV and 20 mA, a Cu anode, a graphite monochromator, and a
goniometer speed of 2 1/ min goniometry in the range of 5-70° 20 [26-28].

Chemical analysis was performed using Fourier transform infrared spectroscopy
(FTIR) in attenuated total reflectance (ATR) mode with a Spectrum 100 FTIR spectrometer
(Perkin Elmer Inc., Norwalk, CT, USA). The acquisition was carried out at room temperature
in the spectral range between 4000 and 400 cm !, with 4 repeated scans and a resolution of
4 cm~1!. Data acquisition and processing were managed using Spectrum 100 software.

Scanning Electron Microscope Energy-Dispersive Spectroscopy (SEM-EDS) analyses
were performed to obtain semi-quantitative microchemical composition and textural char-
acterizations [29]. A scanning electron microscope (SEM) ZEISS EVO MA 15 (Carl Zeiss,
Jena, Germany) equipped with a W filament and an analytical system in the dispersion of
energy (EDS/SDD), specifically the Oxford Ultimax 40 (with a 40 mm? area and resolution
of 127 eV 5.9 keV), was employed. The measurements were conducted on thin sections after
carbon-metallized treatment. The operating conditions were as follows: 15 kV acceleration
potential, 500 pA beam current, 9-8.5 mm working distance. For point analyses, a 20 s
live-time acquisition rate was employed to achieve at least 600,000 cts on a Co standard, a
processing time of 4 was used for map acquisition, and a 500 us pixel dwell time with a
resolution of 1024 x 768 pixels was used.

The microanalysis was carried out using Aztec 5.0 SP1 software, utilizing the XPP
matrix correction scheme developed by Pouchou and Pichoir [30]. The process used
acquired standard elements for calculations, enabling “standard-less” quantitative analysis.
The use of numerous analyses of a cobalt metallic standard permitted the documentation
of constant analytical conditions (i.e., filament emission).

3. Results
3.1. Petrographic Results (PLM)

The results of the petrographic analysis of the plaster mortars have highlighted the
textural characteristics of the three different layers (rinzaffo, arriccio, and finitura) (Figure 4a)
constituting the samples [31-34].

The samples of finitura (MC5, MC6, MC7, MC8, MC9, MC10) show a typical fine
superficial layer constituted by lime whitewashing added with distinct colors (Figure 4b,
sample MC9). The samples MC2, MC3, MC4, MC9, and MC10, with both arriccio and
rinzaffo layers, show no differences between them or between the two layers, except for the
variation in the grain size of the aggregate, which is larger in the rinzaffo layer. Both layers
consist of a binder made of an air-hardening calcic lime, with Havana color, displaying
an anisotropic appearance and a micritic texture, with small dark inclusions. These latter
are characteristics of natural hydraulic lime, often dispersed in a micritic binder, in low
amounts. They are referable to non-completely crystallized compounds of non-hydrated
calcium/aluminum silicate, due to the presence of the clay components in low quantity in
the limestone. The aggregate has heterogeneous dimensions in the range of 200-600 pm in
the arriccio and 700-1000 pm in the rinzaffo layer (Figure 4b and 4c, respectively, samples
MC9 and MC2). The aggregate particles are sub-rounded and sub-angular in shape, well
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distributed, and predominantly composed of fragments of quartz crystals, micas, iron
oxides, carbonate rock (including remnants of Alberese Limestone of approximately 1 mm)
(Figure 4c), sandstone, quartzite, and rare fragments of cocciopesto. Some lumps of unmixed
lime and under-burnt limestone are also visible, highlighting a traditional manufacturing
technique. The macro-porosity of the samples observed in the thin sections is medium to
high, with a binder/aggregate ratio (L/A) of approximately 1/3.

Figure 4. Macro image of the three layers of the plaster mortars on the wall: 1: finitura, 2: arriccio,
3: rinzaffo (a). Microscope images in cross-polarized light (PLM) (b—d): sample MC9 showing the
two layers of the plaster mortar: finitura—lime whitewashing with different painting colors is visible,
and arriccio—binder made of air-hardening calcic lime (b); sample MC2: rinzaffo with a typical Havana
color of the binder and a remnant of Alberese Limestone are visible (c); sample MC11: cementitious
rinzaffo, hydraulic binder of grey color with rounded porosity is highlighted (d).

The sample MC11 (rinzaffo) differs from the others. It shows a hydraulic binder of
grey color, an anisotropic appearance, and a micro-sparitic texture. Within the binder,
abundant small dark inclusions, constituted by non-hydrated relicts of calcium/aluminum
silicate (i.e., belite), medium-high relief, shaded contours, and sub-idiomorphic habitus
are observed [32,35,36]. The aggregate has a sub-angular and sub-rounded shape with
dimensions in the range of 200-600 pum, well distributed. The composition of the aggregate
comprises fragments of quartz crystals, feldspars, and micas, along with fragments of
sandstones, quartzites, pelites, and limestones. The macro-porosity is sub-rounded and
not high, with no cracks present. The binder/aggregate ratio (L/A) is approximately
1/3 (Figure 4d, sample MC11).

3.2. Mineralogical Results (XRPD)

The results of the mineralogical analyses (qualitative analysis with partial estimate of
the minerals” amounts based only on peak elongation) are listed in Tables 2 and 3. The data
have been divided into two types, one relating to plaster mortars and efflorescence, and the
other to the colored painted layers. All collected spectra are reported in Figure S1.
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Table 2. Qualitative mineralogical composition (XRPD) of the plaster mortars and efflorescence.

Sample Cal Qz Pl Kfs Gp Phyllosilicates Mrb
MCl1g X XX - - X tr XX
MC2 XX XXX XX X - tr -
MC3 XX XX X - X tr -
MC4 XX XX XX - tr - -
MC9 XX XXX X X - tr -
MC10 XX XX X - tr - -
MC11 XX XXX XX X X tr -

Cal = calcite; Qz = quartz; Pl = plagioclase; Kfs = K-feldspar; Gp = gypsum; Mrb = mirabilite; E = efflorescence;
xxx = high amount; xx = medium amount; x = low amount; tr = traces; - = absent.

Table 3. Qualitative mineralogical compositions (XRPD) of the colored layers.

Sample Znc Gp Anh Qz Cal Brt Sdl Others
MCS5 green X XX X X XX tr tr -

MC6 red - X - XX XX - - Pl (tr)
MC7 green - XX tr X tr tr tr PI (tr)

MCS8 red - XX - tr X tr X -
MC9 green - XX - XX XX X tr Phc (tr)
MCI10 pink - X tr tr XXX tr tr Ang (tr)

Znc = zincite; Gp = gypsum; Anh = anhydrite; Qz = quartz; Cal = calcite; Brt = barite; Sdl = sodalite;
Pl = plagioclase; Phc = phoenicochroite; Ang = anglesite; xxx = high amount; xx = medium amount; x = low
amount; tr = traces; - = absent.

The mineralogical analyses highlighted the prevalent presence of mirabilite (Nay;SO4-10H,O)
and gypsum (CaSO4 2H;0) in sample MC1g, (efflorescence) in addition to the components
of the underlying plaster mortar (calcite, quartz, and phyllosilicates). Samples MC2, MC3,
MC4, MC9, MC10, and MC11 have similar mineralogical compositions, characterized
by a prevalence of quartz, calcite, plagioclase, and K-feldspar. Additionally, MC2, MC3,
MC9, and MC11 contain traces of micas and clay minerals, while gypsum is present
in low or trace amounts in MC3, MC4, MC10, and MC11. As regards the analyses of
the colored painted surfaces, it is important to underline that in all samples are present
calcite, quartz, and gypsum. Sample MC5 green shows the presence of zincite (ZnO),
anhydrite (CaSO;), barite (BaSOy4), and sodalite (Nag(AlgSigO24)Cly). In MC6 red, traces of
plagioclase are also detected. Sample MC7 green contains barite, sodalite, and plagioclase,
while MCS8 red shows the presence of barite and sodalite, and MC9 green shows barite,
sodalite, and phoenicochroite (Pby(CrO4)0O). Lastly, MC10 pink contains barite, sodalite,
and anglesite (PbSOy).

3.3. Chemical Results (ATR-FTIR)

The results of the chemical analysis obtained by infrared spectroscopy in attenuated
total reflectance mode (ATR-FTIR) on the painted layers” samples were plotted and are
shown in Figure 5a.

The spectral band assignments show that the samples consist of gypsum, calcite,
and silicates (highlighted in Figure 5a, in grey, red, and yellow, respectively), consistent
with the XRPD analysis. Additionally, characteristic peaks of organic compounds can
also be observed (Figure 5b). Comparing the spectra, MC5 green and MC7 green exhibit
similarities, displaying weak bands around 3000-2800 cm ™! (assigned to v (CHp, CHj,
CH)) and at 1736 cm ™! (assigned to v (C=0)), which are attributed to organic compounds
(highlighted with asterisks in Figure 5b). These bands are not visible in sample MC9
green, which shows a peak at 2083 cm ™!, possibly related to the stretching vibration of
the C=N bond (highlighted with an asterisk in Figure 5b), which is typical of cyanide
groups in organic and inorganic compounds and may be indicative of ultramarine blue [37].
Comparing the spectra of MC6 red and MCS8 red, they are similar and show weak bands
around 30002800 cm~!. The spectrum of sample MC10 pink is indicative of predominant
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calcite, with gypsum. The peak at 1736 cm ™! and the shoulder at 1240 cm ™! (highlighted
with asterisks in Figure 5b) are possibly related to the stretching vibration of the C-N bond.
However, further analysis is required to confirm this interpretation.

4] —

MC5 green
\J/_VW‘I'HH\A

MC6 red

e ———
MC7 green j ﬁ W

Trasmittance

MCS red
MC9 green
\/—\//‘U%
MC10 pink
T

T T T
3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Trasmittance

MC5 green
MC6 red

3500 3000 2500 2000 1500 1000
Wavenumber (cm™)
Figure 5. Detail of the ATR-FTIR spectra of colored surface samples (range of interest 3600-500 cm™1)
with attribution: grey—gypsum; red—calcite (a); ATR spectrum with highlighted bands. The
FTIR spectra of four representative samples show the presence of organic compounds, which are
highlighted with an asterisk (b).

3.4. Optical and Microchemical Results (RLM, UVLM, SEM-EDS)

The results of the observations under reflected and UV light using the optical mi-
croscope are reported together with the data obtained through SEM-EDS analyses. This
combined approach allowed us to highlight more matching between SEM-EDS greyscale
images, where it is difficult to distinguish the single-colored layers, and color images
from reflected and UV light microscopy. The results of these analyses are summarized in
Figure 6, where the samples representative of different surface colors found in the painted
wall (green, red, and pink) are shown [38]. The collected EDS spectra are reported in
Figures S52-54.
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E. Ti=titanium white; Zn= zinc white; Si,
Fe, Mg= green earth

F. Ba,S=barite; Si, Fe, Mg= green earth

Figure 6. The image shows the microscopical data obtained on three painted samples (MC5 green,
MC6 red, MC10 pink) with different surface colors. For each sample, the different stratigraphy of
the color layers was highlighted through the optical microscope observation: RLM, UVLM, and
analysis: SEM-EDS.

Sample MC5 green presents, in reflected light, three different layers, arranged from
the surface downwards: a light green layer containing blue and yellow-orange grains,
followed by a white layer, and underneath, a dark green layer with grains of various colors.
Microscopic observations under UV light again confirmed the different stratigraphy: the top
layer with weak violaceous fluorescence, the middle layer with strong yellow fluorescence,
and the bottom layer showed no ultraviolet fluorescence. SEM-EDS analysis allowed us to
identify the chemical composition of each layer. The first green layer contains Zn, likely
due to zinc white (zinc oxide), Si, Na, Al, and S, attributed to ultramarine blue pigment
(Nag_10AlgSigO245;-4), responsible also for the blue grains, Fe from ochre (Fe;O3), C from
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carbon black, and Ca and S, indicative of gypsum. In the middle layer, Zn is again present,
possibly due to the use of zinc white. At the bottom, Si, Fe, and Mg are probably due to
the use of a green earth (Figure S2). Green earth contains phyllosilicate and is suitable for
painting in any medium for stable and non-reactive properties. The green color is caused
by the presence of Fe-containing minerals (i.e., celadonite, glauconite, and smectites) [39].

Sample MC6 red shows, in reflected light, four layers that appear from top to bottom:
red, dark green, red, and light green with blue grains. Microscopic observations in UV
do not show any fluorescence. SEM-EDS analysis highlights the chemical composition
of each layer: Hg and S, probably from cinnabar (HgS) are found in the top layer; Si, Na,
Al, and S, attributed to ultramarine blue pigment, are found in the second layer; the third
layer contains Hg (likely from cinnabar) and Pb, indicative of minium (Pb3Oy); in the
bottom layer, Ca and S from gypsum and N and Na on blue grains, possibly attributed to
phthalocyanine (C49Hp3N701354-4Na), are present (Figure S3).

Sample MC10 pink shows six overlapping layers in reflected light: transparent, pink,
white (with small blue grains), pink, light green, and dark green. The first, second, and
last layers do not exhibit fluorescence under UV light, while the third layer shows blue
fluorescence, the fourth layer shows orange fluorescence, and the fifth layer displays lemon-
yellow fluorescence. SEM-EDS analysis shows in the top layer an organic component. The
second layer contains Ti, indicative of titanium white (TiO;), and Fe, of red ochre (Fe,Os3).
The third layer still shows Ti for titanium white and N and Na, possibly due to the presence
of phthalocyanine. The fourth layer contains Fe for red ochre, Ba and S, likely for barite,
and Ca and S, for gypsum. In the bottom layer are present Ti from titanium white, Zn
from zinc white, and Si, Fe, and Mg, attributed to the presence of green earth pigment
(Figure S4).

4. Discussion

The minero-petrographic data have revealed a traditional manufacturing process for
plaster mortars constituting the finitura, arriccio, and rinzaffo of the wall. The layers of
finitura are constituted of a scialbo of calcium carbonate on which different colored pigments
were applied. The arriccio and rinzaffo plasters show no differences between them, except
for the different grain sizes of the aggregate, larger in the rinzaffo. The carbonate lime binder
in both layers was probably obtained by burning Alberese Limestone, as fragments of
this under-burnt limestone are often present. Alberese Limestone was widely utilized in
buildings due to its marly limestone nature, which cropped out in Tuscany, and it allowed
the production of lime with weak hydraulic characteristics [40]. However, sample MC11
(part of the internal wall) is different from the others: the binder characteristics are typical
of a cementitious hydraulic binder, having a micro-sparitic texture, rounded porosity, grey
color, and the presence of small dark inclusions constituted by non-hydrated relicts of
calcium/aluminum silicate (i.e., belite). All samples contain a similar aggregate, consisting
of feldspathic quartz sand. The rare presence of gypsum is considered of secondary origin,
likely due to degradation phenomena (sulfatation).

In the efflorescence sample (MCl1g), the mineralogical data revealed the presence of
salts such as mirabilite and gypsum. These minerals can be mainly attributed to sulfation
resulting from the use of cementitious binders (see sample MC11) [35] and from atmospheric
pollution phenomena [41]).

The chapel, although a closed environment, experienced, before the exterior restora-
tion of the church, conditions such as broken windows, fractures in the walls, and water
percolations, allowing exchanges with the outside environment. The wall where the efflores-
cence is observed likely had a relative humidity (RH) greater than 70%, and a temperature
lower than 32.4 °C, conditions that allow the formation of mirabilite, according to many
authors [42—-44]. The sample MC1g was collected in January when the temperature was
lower than 32.4 °C and the humidity was probably high, as indicated by the moist state of
the sample, which explains the presence of mirabilite. The poor state of conservation of
the wall suggests thermohygrometric variations in the past that could have permitted the
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transformation of mirabilite into thenardite (Na;SO4) and vice versa, causing significant
cracking. Indeed, the transitions from the anhydrous (thenardite) to hydrated (mirabilite)
phase of sodium sulfate can generate a considerable pressure of crystallization and expan-
sion given by the 315% increase in volume [42,45]. The measurements carried out in the
summer of 2022 after the external restorations of the Tempio Evangelico Valdese suggest that
current temperature conditions inside the chapel are constant (always lower than 32.4 °C)
and that the presence of mirabilite is “stable”.

The microscopic analyses conducted in polarized, reflected, and UV light revealed
different stratigraphic layers of color, placed over time. SEM-EDS data allowed us to
define the composition and types of color pigments [46]. These pigments are mainly of
modern origin and industrial production, likely between the 19th and 20th centuries [47].
Indeed, the presence of titanium white, zinc white, phthalocyanine, and barite confirm the
industrial origin of the pigments. However, barite could be related also to a consolidant
treatment with the barium hydroxide method. This treatment, carried out on wall paintings,
facilitates the formation of barium sulfate (barite) along with other products, as seen in [48].
Barium sulfate formation is also favored by the presence of gypsum, found in these painted
layers. The barite promotes the consolidation process, being an insoluble salt, and also
produces calcium carbonate.

The ultramarine blue, carbon black, minium, and cinnabar pigments could be natural
but the overlap with modern ones suggests otherwise. The green earth, found in the
sample MC5 green, could be the only natural pigment, given its location at the base of the
colored layers.

XRPD analyses of the colored surface have detected and confirmed the presence of
zincite (see sample MC5 green) for zinc white and barite and sodalite, with the latter
possibly attributed to the small blue-colored grains within the pigments (see sample MC10
pink), while in the case of the barite, it could be attributed to the production of the paintings
or to the use of consolidant treatment. Lead minerals such as phoenicochroite and anglesite
are present in the samples MC9 green and MC10 pink, possibly as constituents of the white
pigments [49]. The gypsum detected on the colored layers is of secondary origin, due
to degradation processes such as sulfation. The damage in the exterior facade facilitated
exchanges with the outdoor polluted environment, giving rise to gypsum.

ATR-FTIR data indicated the presence of organic phases, likely ageing of a medium [50]
within all the colors. Further investigations should be carried out to highlight the kind of
organic compound used in this context.

5. Conclusions

The analyses conducted on the plaster mortars wall (south-southeast) have enabled
the characterization of constituent materials and identification of the present decay phe-
nomena. The degradation map was superimposed onto the 3D model obtained through
photogrammetry using Agisoft Metashape Professional software (Version 1.8.4). The degra-
dation areas were then delineated using the graphics software Gimp (Version 2.10.34). The
minero-petrographic data indicated a traditional manufacturing technique for plaster mor-
tars of finitura, arriccio, and rinzaffo layers. The finitura layers consist of a scialbo of calcium
carbonate and colored pigments, while the arriccio and rinzaffo layers were produced by
burning Alberese Limestone, resulting in a weak hydraulic air lime. The aggregate used
is a feldspathic quartz sand. Sample MC11 (collected from the internal wall) represents
a cementitious mortar, evidenced by the presence of white efflorescence (mirabilite and
gypsum), indicative of both a cementitious mortar composition (likely used in a previous
repair), and the humidity of the masonry. Environmental conditions inside the church,
following recent restoration works conducted externally, have stabilized. Observations in
reflected light have revealed different stratigraphic painted layers, suggesting the applica-
tion of multiple color coats over time. The XRPD, ATR-FTIR, and SEM-EDS data confirm
the OM observations, indicating predominantly modern industrial pigments (from the 19th
to the 20th century), although some natural pigments, particularly the green (green earth),
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may also be present at the base of the colored stratigraphy. These pigments are bound
together by an organic medium. The obtained data provide a valuable tool for a targeted
recovery of this chapel dedicated to memory.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390 /min14070658 /s1, Figure S1. Series of XRPD spectra of salt
(MCI1E), plaster mortar (MC2, MC3, MC4, MC9, MC10, MC11), and painted layer samples (MC5
green, MC6 red, MC7 green, MC8 red, MC9 green, MC10 pink). Figure S2. The collected EDS spectra
of the MC5 green painted layers are reported (a—c). BSE image of layered area (d). Figure S3. The
collected EDS spectra of the MC6 red painted layers are reported (a—e). BSE image of layered area (f).
Figure S4. The collected EDS spectra of the MC10 pink painted layers are reported (a—e). BSE image
of layered area (f).
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