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Abstract
The comprehensive study of artworks is key to understanding the temporal evolution of all the factors that surround it. A
painting is generally composed of multiple layers and materials which are hidden from the naked eye because their surface colors
are highly captivating. However, a fundamental pillar of an artwork is the canvas which usually has a special preparation to obtain the
final finish desired by the artist. Here, we study the canvas employed by Italian painter Carlo Ferrario in two large-format paintings
at the National Theater of Costa Rica. The main goal of the current research was to determine the state of conservation and major
materials of the canvases used by the artist. We systematically explored samples of these canvases by means of Optical Microscopy,
Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy and Fourier Transform Infrared spectroscopy. We were
able to identify the canvas as, potentially, hemp based on morphological characteristics of the fiber.

We estimated the amount of fatty acids by means of Gas Chromatography Mass Spectroscopy resulting primarily in suberic,
azelaic, sebasic, palmitic (C16), and stearic (C18). Hence, it could conceivably be hypothesised that the pictorial method in the studied
paintings corresponds to the oil technique. This combination of findings provides support to establish efficient methodologies to
the diagnosis of the conservation state of canvases. Furthermore, to comprehend that preserving these works of art for future
generations as part of our Costa Rican cultural heritage demands a deeper understanding of the paintings, especially given that art
conservation in the tropics is a topic still largely unexplored.
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Introduction
Art canvases are the backbone of every artwork but are often
set aside when analyzing all the different layers and elements of
a painting. The fibers that integrate the canvas have their own
physical and chemical properties, which can affect the overall
condition of the object [1]. Understanding the fibers can give
valuable information about the historical background, such as the
technology used, geographical location, and possible elements
ingrained in the weave. Furthermore, by identifying the fiber within
the canvas, feasible projections about its behavior can be created,
and therefore, conservation treatments can be proposed [2].
Copyright © All rights are reserved by OA Herrera Sancho.

Located at the National Theater of Costa Rica (NTCR), specifically
in the former men’s canteen, Musas I and Musas II are two largeformat artworks situated at the ceiling. Both paintings are located
side by side, measuring 2.96m x 6.17m (WxH) each. They both
have been previously studied, revealing first-hand results from an
interdisciplinary scientific approach [3]. With these new results,
the objective is to emphasize the importance of the fibers and how
these elements of the painting can tell a parallel story. The samples
were extracted from damaged areas of the painting; therefore, they
have particular shapes and small sizes. The specimens encompass
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fibers, the first ground layer, pigments used, and the binder. Fiber
samplings can be described as individual threads splintering
from the core weave structure, possibly due to its condition.
The remaining part of the paper proceeds as follows: Section
II describes the methodology used for the morphological and
chemical composition of the canvas and binder. Following this, in
the Results section, we carry out a discussion of the most important
findings of the studied canvas of approximately 125 years. Finally,
we finish with concluding remarks and next experimental steps to
provide a comprehensive diagnostic of the state of conservation of
the canvas.

Methodology

Morphological characterization of canvas fibers
Canvas’ fibers samples were characterized by optical microscopy
Olympus IX51 and scanning electron microscopy Hitachi S-3700N
with energy dispersive x-ray spectroscopy detector IXRF Systems
(SEM-EDX) (primary voltage, 20 keV; working distance, 10-12
mm). Elemental composition was obtained under variable pressure
conditions. Samples were covered with gold for image acquisition.

Chemical composition of the canvas and binder

Fourier Transform Infrared spectroscopy with Attenuated
Total Reflectance (FTIR-ATR)
In order to identify the composition of the canvas FTIR-ATR
analysis was carried out. A Scientific Evolution Nicolet 6700®
spectrometer was used for performing ATR measurements at one
thread extracted from the canvas. Spectra were obtained using
transmittance mode. Data was acquired in the range of 4000 to 650
cm−1, with 1 cm−1 spectral resolution.
Gas Chromatography Mass Spectroscopy (GC-MS)

GC-MS was performed for identifying the binder of these
artworks, according to the procedure used by Alcántara-García, J.
and Nix, M. (2018) [4]. The sample analyzed included a fragment
of the painting layers (about 1 mm2) with few strands of the canvas
(about 1 cm). Samples were treated with Grace Alltech MethPrep II
reagent in benzene (≤100 µL of 1:2), using Thermo Fisher Scientific
autosampler vials, to transform any carboxylic acids or esters into
their methyl ester derivatives. The vials were heated at 60°C in a
Lab-Line Multi-Blok heater; after one hour, the vials were removed
and cooled. A sample volume of 1μL was injected onto an Agilent
Technologies 7820 gas chromatograph equipped with a HP-5MS
column (30m × 250μm × 0.25μm of film thickness, 5% phenyl
methyl siloxane, flow rate of 1.5 mL/minute), an Agilent 5975
mass selective detector (MSD) and an automatic liquid injector. The
inlet temperature was 320°C (splitless mode) with a nine-minute
solvent delay. The GC oven temperature program was 55°C for 2
minutes, then ramped at 10°C/minute to 325°C, and 10 minutes of
isothermal period. The transfer line temperature to the MSD (SCAN
mode) was 280°C, the source at 230°C and the MS quad at 150°C.
These experimental conditions were programmed and controlled
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by the Agilent Technologies G1701EA GC/MSD Chem Station
Control software. The data was recorded on Agilent MSD Enhanced
Chemstation Data Analysis software with NIST MS Search 2.0
database, they also facilitated the chromatograms and mass spectra
interpretation.

Results and Discussion

During the 19th century, the most common canvas fibers in
Europe were hemp, linen, a combination of both or linen and cotton;
therefore, a thorough fiber identification was necessary to confirm
the fiber supporting the painting [5]. Based on SEM fiber analysis
images and optical microscopy the fiber in the canvas most likely
corresponds to hemp. Table 1 describes the visible/physical features
of the analyzed samples. The features underlined are suggested
by Carr et al. (2008) [1] and Nayak et al. (2020) [6] as inherent
pointers of a specific fiber. The main difference between hemp and
linen, the other possible option based on historical accuracy, is
the prominent nodes present in linen but less prominent in hemp
combined with striations [7]. Hemp fibers have slight twists similar
to cotton and an overall irregular surface [8]. The twist on the hemp
fibers showed to be counterclockwise according to SEM microscopy
images [1]. Figure 1 exemplifies the described morphological
features visible in the hemp fibers. All SEM and optical microscope
images belong to sample M1-40 see Figure 2 in Barrantes, et al. in
order to find the grid location of this sample [3]. Optical microscope
images evidence the tiny nodes and striations that compose the
fiber as well as its irregular surface. CAMEO materials database [9]
images emphasize these features as hemp exclusive. Aside from
all the mentioned characteristics, SEM image 1.c shows a slightly
curved edge towards the inside, forming a centerline in the fiber
[1,10]. The morphological aspects of the fiber are accentuated with
SEM-EDX and FTIR analyses. SEM-EDX analysis of fiber samples of
Musas I and Musas II paintings are presented in Figure 2. The EDX
analysis showed the most representative elements presented on
the sample, with carbon and oxygen with the highest concentration.
These elements are constituents of cellulose and hemicellulose,
main components of the hemp [6]. The fibers also have crystals
particles (Figure 2c) corresponding to pigments and material that
remains which was probably used by the artist to prepare the initial
stages of the canvas. The largest and brightest crystals correspond
to lead, as shown in the EDX mapping. The main layers of Musas
I and Musas II have been defined by Barrantes et al. (2021) [3],
showing pictorial layers with a color palette of lead red, ultramarine
blue, vermilion, viridian and chrome yellow and lead white and
zinc white. Lead red and lead white, have been recommended
for protecting the back of a canvas [11,12]. Calcium is present on
the first ground layer in the form of calcium carbonate known as
chalk, which was commonly used as white pigments in antiquity
[13] and ground material [12,14]. According to previous studies
of this artwork [3], lead is present in the second ground layer and
calcium in the first ground layer. Hemp is a plant fiber obtained
from Cannabis sativa L. and is constituted by 67-80 % cellulose [1].
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The presence of cellulose is verified by a preliminary analysis of
a canvas sample by Fourier Transform Infrared Spectroscopy with
Attenuated Total Reflectance (FTIR-ATR). Cellulose is a natural
polymer whose structural monomer is a 1-4 linked β-D-glucose
[15]. It means a six atoms heterocycle of carbons and oxygen, with
hydroxyl groups bonded to the cycle carbon [15]. Those groups
contribute to the formation of intermolecular hydrogen bonds and
provide the mechanical properties of this macromolecule [15].
Figure 3a indicates the characteristic signals of this compound.
First, O-H stretching (near to 3300 cm-1) evidence the hydroxyl

groups. Later, hydrocarbon asymmetric (2917 cm-1) and symmetric
and C-H stretching vibrations (2850 cm-1).Additionally, signals
indicated as 1 correspond to O-H and OCH bending vibrations
(1440 cm-1) and signals 2 show C-O-C asymmetric stretching (at
1160 cm-1). Those peaks are observed because of the hydroxyl and
ether oxygens in the compound (Fan et al., 2012). Other important
bands observed, pointed out as 3, are the C-C, C-OH, C-H ring and
side group vibrations (at 1050 – 990 cm-1) because of the cyclic
structure of cellulose [10].

Table 1: Morphological characteristics of canvas’s fibres.

M1-40
M2-1

M2-19

Longitudinal Description

Cross-Sectional
Description

Fibre Ends

Diameter
Range
(μm)

Aggregates

Twist Direction

Flat spaces and twists along the fiber, the
edges are slightly curved towards the inside,
striations, and nodes slightly visible in most
of the surface

Slightly curved or
oval resembles
the shape of a
bean

Blunt, shape cannot
be identified as the
fiber is damaged

12-23

13 fibers
approximate

Counter-clockwise

Rounded and blunt,
slightly lowered at
the center

12-26

28 fibers
approximate

Counter-clockwise

Rounded and blunt

16-23

25 fibers
approximate

Counter-clockwise

Flat spaces and twists along the fiber, the
edges of are slightly curved towards the
inside, striations, and nodes slightly visible
in most of the surface

Flat spaces and twists along the fiber, the
edges are slightly curved towards the inside,
striations, and nodes present in most of the
surface

Slightly curved or
oval resembles
the shape of a
bean
Slightly curved or
oval resembles
the shape of a
bean

Figure 1: Morphological characteristics of canvas’s fibres. a) & b) optical microscope view, SEM details of c) longitudinal
description, d) cross-sectional description, e) fibre ends, f) diameters, g) aggregates and h) twist direction.
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Figure 2: SEM-EDX (scanning electron microscopy energy-dispersive X-ray spectroscopy) of hemp’ fibers: (a) Musas I painting
and (b) Musas II painting. (c) Fibers and crystal’s micrographs details, showing as brighting particles over the fibers and EDX
map on Musas II painting.

Figure 3: Spectroscopic characterization of materials. a) FTIR-ATR spectrum of canvas’ fibre showing O-H stretching, C-H
asymmetric (2917 cm-1) and symmetric stretching, C=O stretching vibration, O-H, HCH and OCH bending vibration (indicated
as 1), C-O-C asymmetrical stretching (2), C-C, C-OH, C-H ring and side group vibrations (3). b) Chromatogram of painting
sample showing signals of dicarboxylic acids: suberic, azelaic, sebacic, palmitic and stearic acids.
A sample of a thread of canvas impregnated with pictorial
layers of Musas I was analyzed by GC-MS. Significant signals of
characteristic fatty acids in drying oil appear in the chromatogram
of Figure 3.b. The most important acids found were suberic, azelaic,
sebasic, palmitic (C16) and stearic (C18) acids. These results reveal
information about the binder of the painting. The most common

drying oils are linseed poppy seed, and walnut oils [12]. The
quantities of those acids found in paintings is quite diverse because
it depends on the type of drying oil the artists used and the aging
processes in the painting [16]. The ratio of palmitic to stearic acid
(C16/C18) is commonly used for identification of drying oils. In the
present study it corresponds to 1.09. According to the classification
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established by Manzano (2011) [16], this is a characteristic value for
linseed oil binder. On the other hand, due to the presence of drying
oil, we suggest that the pictorial technique in the studied paintings
corresponds to the oil technique. These findings focused on Musas
I and Musas II contrast with the pictorial technique of other artists
at the NTCR. For instance the egg yolk in the Main Curtain, studied
by Morice, et.al (2019) [17], indicates tempera as its pictorial
technique. In general, it is key to separate all the components of an
artwork, such as canva’s fibers, binder, and pigments for research
purposes. Fibers contribute to both support and the preservation of
the painting, therefore a continuous study is necessary. Since fiber
samples were splintering from the core weave, we can highlight that
the degradation of cellulose by chemical [18,19] and biological [3]
sources is a process that contributes to the changes of the condition
of artworks over time. Henceforth, a thoughtful preservation
strategy is needed for future instances.

Conclusion

This study contributes to the knowledge about pigments,
materials, and canvas’ fibers used by artists and the degradation
process that occurs in neotropical regions. This first approach
led us to study the canvas’ fibers used in the National Theater
Musas I and Musas II paintings and classified the textile as hemp
through morphological and chemical characterization. The next
step is to understand the degradation process of hemp. Therefore,
pigments and ground materials need to be tested and analyzed.
Multidisciplinary studies about Costa Rican paintings can shed
light on discoveries about historical contexts and cultural heritage
and contribute to the field of conservation. In essence preserving
artworks, especially in tropical countries, has a different set of
challenges which require a deeper analysis and understanding.
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