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Paper has been widely used as convenient vehicle for the acquisition, storage and
dissemination of human knowledge. The art craft of making paper spread from the Far East to
the Western World in the Middle Ages. The first European mill was established in Fabriano in
1276. For centuries, a growing number of cultural resources have been accumulating in
archives, libraries and museums.
The preservation of these cultural properties poses the significant challenge of limiting the
deterioration of ancient paper. An advanced knowledge of the microscopical characteristics of
paper and its degradation processes is indispensable in order to fulfill this objective.
Paper sheets are mostly constituted of cellulose, the most abundant biopolymer on Earth,
produced in a natural way at an annual rate of 1011–1012 tonnes [1]. Therefore, studies on the
mechanisms of paper degradation have been principally focused to the detailed investigation
of the degradation of cellulose. The increasing fragility and the yellowing that are commonly
observed in the ancient paper-based artifacts have been explained by, respectively, the
increasing fragmentation of cellulose polymers (depolymerization) and their oxidation [1,2].
However, real samples also contain additives, mainly sizing and fillers (such as starch,
gelatine, rosin, alum, chalk), and impurities embedded in their structure, depending on the
production technique employed. Pristine cellulose shows high temporal stability, while its
degradation is strongly accelerated by the interaction with internal and external agents [3].
By studying the degradation of cellulose, therefore, it is difficult to understand the evolution
of paper as a whole for real samples in which several components have interacted for
centuries. Accordingly, although the effects of degradation are fairly well known, it is not yet
clear what are the variables that lead to its greater or lesser extent in ancient samples - even in
case of exposure to the same environmental conditions.
In order to shed light on this important problem we investigate two important collections of
Italian ancient paper: the “Corpus Chartarum Italicarum” (CCI) conserved at the Istituto
Centrale per il Restauro e la Conservazione del Patrimonio Archivistico e Librario (Rome)
and the “Fondo Zonghi-Gasparinetti” (FZG) conserved at the Museo della Carta at Fabriano.
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Using these unique collections we seek for correlations between indicators of degradation
(depolymerization and oxidation) and variables that may impact the long-term stability of
paper materials such as the content of metals and nonmetals, the presence of surface coating
(sizing), the porosity of the substrate, thickness, basis weight, and historical and geographical
data [4]. Due to

the historical value of specimens belonging to the CCI and FZG collections, only nondestructive diagnostic methods have been used, a distinctive feature with respect to previous
studies [4].
In the presentation, innovative approaches for quantitative measurements of cellulose
oxidation [5], paper sheets elemental content and surface structures will be shown.
Our results will possibly enable the improvement of procedures for the conservation and
restoration, and could be used in other context for cellulose-based materials, like industrial
paper, textiles and other manufactured products of great technological and cultural interest.
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