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Abstract 

Between the years 1808 and 1814, the Spanish War of Independence took place. This 
period, locally known as “Guerra del Francès”, generated the need for money and 
consequently five mints were opened around the Catalan territory. To mark the 200th 
anniversary of the beginning of the war, an extensive campaign of Energy Dispersive X-ray 
Fluorescence measurements of some of these “emergency coins” was carried out. Apart 
from the silver (major constituent of all the studied coins) it has been possible to 
recognize copper as main metal alloying element. Likewise, the presence of zinc, tin, lead, 
gold, platinum, antimony, nickel and iron has been also identified. The obtained results 
have been useful not only for the characterization of the alloys, but also to determine the 
differences and analogies between the emissions and for historical explanations. 

 

Introduction 

Energy Dispersive X-ray Fluorescence (EDXRF) has become a very relevant tool to study 
the chemical composition of Cultural Heritage materials since it is a non-destructive, fast 
and multielemental technique which analyses the surface layer of samples and determines 
qualitatively and semi-quantitatively the major, minor and trace elements [1–4]. In recent 
years, numerous authors have pointed out the suitability of this technique in providing 
information from objects of all sizes and forms [5–7]. In the particular field of 
numismatics, EDXRF has been extensively applied [8–11] since the relationship between 
the chemical composition of the alloys, the economic features of the mintage period and 
the differences between mint factories are subjects of interest for archaeologists and 
historians. The possibility of distinguishing between original and counterfeit coins is 
another application of this technique [11–14]. It is certain that these kind of metallic 
objects are usually covered by corrosion layers, but when the corrosion layer is thin 
enough [15,16] or there is no alteration on the surface, EDXRF can be used without any 
sample surface pre-treatment (such as polishing, scrapping off, etc.). The obtained data 
allows us to identify the type of alloy employed in the manufacturing process used for the 
silver production and its main distinctive features. 

In this work a total of 130 coins belonging to the Spanish War of Independence collection 
of the Catalonian Numismatic Department (GNC) at the National Museum of Fine Arts of 
Catalonia (MNAC) have been examined. 

1.1. Historical context 

The type of coins we studied in this investigation was minted during the War of Spanish 
Independence. The city of Barcelona was occupied by the French from February 1808 till 
the end of the war in May 1814. During the French occupation, due to the lack of coinage, 
the Barcelona mint was reopened. In line with these events, on June 18th 1808 the 
Superior Committee of the Principality was created (a body that coordinated the defence 
of Catalonia against Napoleon’s armies). This committee allowed some cities in the 
Principality, the ones not occupied by the French, to mint emergency coinage in the years 
1808 and 1809. Thus, Girona, Lleida, Tarragona and Tortosa minted the so-called “duros” 
(silver coins equivalent to five pesetas, being peseta the coin unit for Spain territory), just 
to satisfy the financial necessity generated by the war. The simplicity of the manufacture 
reflects the precarious nature of the available means to manufacture [17]. 

https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0005
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0025
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0040
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0055
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0075
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0085
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During that period, plundering dynamics were promoted in order to obtain the raw metal 
to mint coinage, thus causing huge loss, plunder, thefts and destruction of the cultural and 
artistic heritage [18,19]. In this way, the silver was obtained from different silvery sources, 
not only from civil productions (such as tableware, chalices or candelabrum) but also from 
religious works (such as silver sculptures or liturgical objects). They all were brought to 
the mint and then melted. 

Taking into consideration the historical context, the general objectives of this paper were 
the characterization of the type of alloy used for the manufacture of the coins and the 
determination of differences and analogies between the different emissions using EDXRF. 

2. Materials and methods 

2.1. Sampling 

The major requirement for this analytical campaign was the ability to perform in situ non-
destructive measurements, due to the value of the coins and the rules preventing their 
transport to the X-ray laboratory. The analysis, then, have been carried out after bringing 
the EDXRF equipment to the National Museum of Fine Arts of Catalonia (MNAC). The coins 
for analysis came from the five different mints existing in Catalonia during this period and 
can be easily identified by the illustration and images of the coin surface. 

An extensive campaign of EDXRF measurements took place, with a very large number of 
medieval silver coins that circulated during the Spanish War of Independence period 
investigated. A total of 130 coins, see Table 1, have been examined. The coins were 
analyzed directly in a non-destructive way and without applying any cleaning treatment. 
In order to avoid possible surface heterogeneities, two EDXRF measurements, one for each 
side of the coin, were performed on the flat bright regions of all the coins. This method of 
measurements has been previously reported in other works [20–22]. 

Table 1. Main features of the analyzed coins. 

Mint Typology Reference Number of samples 

Barcelona 5 pesetas 0021–013787 68 

Girona Duro 1242–032393 19 

Lleida 5 pesetas 1256–013779 9 

Tarragona 5 pesetas 1270–040723 20 

Catalonia 8 rals 1298–037670 14 

2.2. Experimental 

Energy Dispersive X-ray Fluorescence spectroscopy was used to analyse the elemental 
composition of coins. The instrument consisted of a FISCHERSCOPE® X-RAY XAN 
spectrometer (Helmut Fischer GmbH, Germany), equipped with a micro focus tungsten X-
ray tube (operating at 10, 30 or 50 kV and at maximum intensity of 1 mA), a Si-Pin 
detector with 180 eV of resolution at Mn Kα energy, several filters to improve 

https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0150
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#t0005
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0100
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peak/background ratio and four X-ray beam collimators (0.2, 0.6, 1 and 2 mm in 
diameter). According to a previous work [23] and taking into account the particular 
features of our samples, the analyses were carried out using a nickel primary filter to 
avoid tungsten signal from tube and 100 s of acquisition time, allowing a relative standard 
deviation lower than five percent for the main part of elements of interest. Moreover, we 
used a collimator of 2 mm in diameter to adjust the X-ray focal spot in order to better 
irradiate the surface of the coins. 

The spectral data treatment (processing and quantification) is described elsewhere [23]. 
The quantification limits, Table 2, were calculated using the data obtained from the 
analysis of fourteen certified pure metals (from silicon to lead) used as reference 
materials. The results have been interpreted through typical multivariate statistic 
methods such as principal component analysis (PCA). 

Table 2. Quantification limits. 

Ag Cu Zn Sn Pb Au Ni Fe 

0.10% 0.03% 0.03% 0.20% 0.13% 0.14% 0.03% 0.04% 

3. Results and discussion 

The analyzed coins were found to have a very high fineness. The average concentrations of 
silver (main constituent of the alloy) and copper in each group of coins are very close to 
each other and, respectively, are around 93% for silver and around 6% for copper. The Cu 
can be considered as base alloying metal. Additionally, the presence of minor constituents 
(0.1–1%) and trace elements (less than 0.1%) such as zinc, tin, lead, gold, platinum, 
antimony, nickel and iron has been identified. Minor and trace elements impurities can be 
due to: (a) the raw metal used in coin production, (b) the manufacturing process and, (c) 
in some coins could be from surface contamination [21]. 

If we focus our attention in the compositional analysis of each mint, Table 3, we can clearly 
see that an approximate average silver content of 95% and about 4.5% for copper is 
recorded in Barcelona mint. The average silver concentration found for the coins minted 
in the Catalonia workshop is 95% and a 4% of copper. Regarding the other mints, Lleida, 
Girona and Tarragona, although in general they present a high Ag content, coins from 
Girona mint have a lower Ag content (the average content is about 91.7%), which implies 
an increase of the copper proportion (average content about 7.6%). Likewise, the Cu 
content of this mint has the lowest coefficient of variation of all the groups, thus revealing 
that the level of copper is not by chance but probably an addition to the melting batch. 

Table 3. Elemental concentration of the examined coins from different mints (%wt) . 

Barcelona Ag Cu Zn Sn Pb Au Pt Sb Ni Fe 

n 68 68 68 18 68 68 68 52 68 68 

min. 91.40 2.02 0.05 0.02 0.07 0.08 0.02 0.01 0.01 0.00 

https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0135
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0135
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#t0010
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0105
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#t0015
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Barcelona Ag Cu Zn Sn Pb Au Pt Sb Ni Fe 

max. 97.30 8.40 0.30 0.42 0.32 0.43 0.10 0.40 0.13 0.27 

mean 94.95 4.45 0.12 0.12 0.18 0.19 0.05 0.17 0.06 0.08 

stdesv. 1.33 1.42 0.05 0.12 0.05 0.06 0.02 0.11 0.03 0.05 

C.O.V. 1.4 31.9 39.0 95.4 30.8 32.4 35.2 65.7 44.6 62.4 

Catalonia 

n 13 13 13 5 13 13 13 13 13 13 

min. 93.50 2.63 0.02 0.05 0.09 0.02 0.04 0.01 0.01 0.02 

max. 96.40 5.75 0.44 0.18 0.30 0.40 0.09 0.41 0.08 0.19 

mean 94.94 4.23 0.16 0.09 0.20 0.21 0.06 0.22 0.05 0.07 

stdesv. 0.91 0.91 0.11 0.05 0.06 0.11 0.01 0.13 0.02 0.05 

C.O.V. 1.0 21.5 72.4 57.7 27.4 51.4 19.4 58.0 40.4 76.1 

Lleida 

n 9 9 9 2 9 9 9 8 9 8 

min. 91.50 3.07 0.07 0.04 0.12 0.09 0.01 0.08 0.02 0.03 

max. 96.20 7.11 0.24 0.19 0.47 0.66 0.10 0.33 0.12 0.47 

mean 94.14 5.06 0.15 0.11 0.25 0.22 0.07 0.14 0.07 0.09 

stdesv. 1.65 1.49 0.05 0.11 0.10 0.17 0.03 0.08 0.03 0.15 

C.O.V. 1.8 29.4 31.7 94.1 38.2 78.9 41.4 58.0 48.8 162.3 

Girona 

n 18 18 18 4 18 18 18 13 18 18 

min. 89.30 5.34 0.09 0.02 0.19 0.14 0.02 0.02 0.04 0.02 

max. 93.90 9.62 0.26 0.13 0.53 0.41 0.09 0.45 0.14 0.89 
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Barcelona Ag Cu Zn Sn Pb Au Pt Sb Ni Fe 

mean 91.68 7.55 0.17 0.07 0.30 0.20 0.06 0.13 0.09 0.10 

stdesv. 1.11 1.22 0.05 0.05 0.08 0.06 0.02 0.12 0.03 0.20 

C.O.V. 1.2 16.2 26.9 68.3 27.0 29.6 32.6 89.8 28.3 188.7 

Tarragona 

n 17 17 17 3 17 17 17 15 17 17 

min 90.00 3.45 0.15 0.02 0.12 0.01 0.02 0.00 0.05 0.01 

max 95.30 9.26 0.31 0.21 0.43 0.32 0.09 0.21 0.13 0.12 

mean 92.10 7.25 0.20 0.10 0.26 0.12 0.06 0.10 0.08 0.06 

stdesv 1.49 1.49 0.05 0.10 0.09 0.07 0.02 0.06 0.02 0.03 

C.O.V. 1.6 20.5 23.1 99.8 32.8 59.4 32.1 61.3 27.8 47.2 

In order to identify clustering concerning the five mint factories, a statistical analysis by 
means of multivariate statistical methods (principal components analysis) has been 
performed with the software package SPSS Statistics 17.0. In this particular case, the PCA 
analysis has been restricted to minor and trace elements because, according to the data 
present in Table 3, they have a high C.O.V. The Catalan coins of the five different mints 
show similar trends in their composition, which clearly evidence the regularity of the 
manufacturing process, so that by using PCA statistical routine no significant clustering 
has been obtained concerning the minor and trace constituents of the alloy. As shown in 
Fig. 1 (a scatter plot of the coins of mints of Barcelona, Catalonia, Lleida, Tarragona and 
Girona) once the factor analysis is applied, an overlap of the samples is observed, which 
does not allow us to distinguish the five mints between them. Once more it is 
demonstrated the sophisticated and controlled technology used by all the different mint in 
Catalonia region. 

https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#t0015
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#f0005
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1. Download high-res image (138KB) 
2. Download full-size image 

Fig. 1. Scatterplot of factor 1 vs. factor 2 of some of the coins from different mints. 5 
pessetes from the mint of Barcelona are represented by rhombus; 8 rals from the mint of 
Catalonia are shown by squares; duros from the mint of Girona are represented by circles; 
5 pessetes minted in Lleida are shown by triangles and 5 pessetes from the mint of 
Tarragona are represented by stars. 

During this period (1809–1814) the craftsmen were able to produce alloys of great 
precision. According to Estrada-Rius [24], the determination of the assay value was a 
constant concern during all the process and was carried out at the same time and twice by 
the two assayers in the mint. Equally, the metal weight was controlled after every 
transformation process. This could be an explanation for the lack of significant 
compositional variations between the alloys in the different mints. 

Nevertheless, some little differences are observed regarding the Ag/Cu and Ag/Pb ratios, 
especially between the Catalonia and Girona mints. Concerning the silver and copper 
contents of the coins, the results in Fig. 2 show that all the groups of coins which belong to 
different mints are made of a similar Ag–Cu alloy. The logical strong negative correlation 
between Ag and Cu indicates the binary composition of silver-based coins and the 
deliberate controlled addition of this last metal in the batch used for the manufacturing of 
the coins. Copper has been added to debase the silver coins and save the more expensive 
silver or to increase the strength, hardness and wear-resistance of silver [20–21,25]. On 
the other side, if we focus our attention in the silver and lead contents of the coins, Fig. 3, 
we can clearly see that there is a low degree of correlation between Ag and Pb. The 
presence of Pb, then, is totally random and it could be explained not only for the 
metallurgic process of the obtaining of silver but also for manufacturing process of the 
coins. 

https://ars-els-cdn-com.sabidi.urv.cat/content/image/1-s2.0-S0168583X10008785-gr1_lrg.jpg
https://ars-els-cdn-com.sabidi.urv.cat/content/image/1-s2.0-S0168583X10008785-gr1.jpg
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0140
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#f0010
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#b0100
https://www-sciencedirect-com.sabidi.urv.cat/science/article/pii/S0168583X10008785#f0015
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1. Download high-res image (65KB) 
2. Download full-size image 

Fig. 2. Silver and copper contents of the coins from different groups. 5 pessetes from the mint of 
Barcelona are represented by rhombus; 8 rals from the mint of Catalonia are shown by squares; 
duros from the mint of Girona are represented by crosses; 5 pesetas minted in Lleida are shown by 
triangles and 5 pesetas from the mint of Tarragona are represented by hyphens. 

 

1. Download high-res image (80KB) 
2. Download full-size image 

Fig. 3. Silver and lead contents of the coins from different groups. 5 pesetas from the mint of 
Barcelona are represented by rhombus; 8 rals from the mint of Catalonia are shown by squares; 
duros from the mint of Girona are represented by crosses; 5 pesetas minted in Lleida are shown by 
triangles and 5 pesetas from the mint of Tarragona are represented by hyphens. 

4. Conclusions 

From the above results, the subsequent conclusions may be drawn. First, the results of 
EDXRF analyses of this Catalan coins collection exhibit a great uniformity of the elemental 
chemistry of its alloys from different workshops. The high silver content indicates the high 
quality control of the manufacturing process of these Catalan coins. Zinc, tin, lead, gold, 
platinum, antimony, nickel and iron were the minor or trace constituents of the alloy. 
Second, despite the fact that the mints were under the control of different authorities (The 
Barcelona mint operated under the commandment of Joseph Bonaparte and Catalonia, 
Lleida, Girona and Tarragona mints worked under the direction of the Superior Committee 
of the Principality), and that on the numismatic point of view there are strong differences 
not only for its weight but also for its style, according to the EDXRF results we can affirm 
that there are no compositional differences between the alloys of the five mints. However, 

https://ars-els-cdn-com.sabidi.urv.cat/content/image/1-s2.0-S0168583X10008785-gr2_lrg.jpg
https://ars-els-cdn-com.sabidi.urv.cat/content/image/1-s2.0-S0168583X10008785-gr2.jpg
https://ars-els-cdn-com.sabidi.urv.cat/content/image/1-s2.0-S0168583X10008785-gr3_lrg.jpg
https://ars-els-cdn-com.sabidi.urv.cat/content/image/1-s2.0-S0168583X10008785-gr3.jpg
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the average silver content of Girona mint is slightly lower than the other mints, especially 
than the Catalonia mint. This tendency allows us to differentiate, on the compositional 
point of view, the coins from both mints. Finally, the non-destructive direct analyses of 
ancient coins by means of EDXRF could be a very useful tool for the investigation of alloys. 
Always keeping in mind the limitations of the technique, coins can be examined in a non-
destructive way for a general screening, contributing to significant data useful for 
historical explanations. 
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