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Climate and environmental parameters are directly or indirectly involved in almost all decay
processes for outdoor cultural heritage. In this context, climate change is believed to play a
driving role in diversifying future damage processes and efforts have focused on the
prediction of the impact of climate change on damage effects on stone materials [1-4].
Therefore, consolidating and protective agents are often needed to reduce the effects of the
environment on original substrates. Among inorganic consolidants, nanostructured materials
have been largely studied and successfully used according to criteria of stability and high
compatibility with the inorganic matrices [5-8] although data still lacks regarding their
durability in outdoor conditions.

The European Project NANOMATCH is focused on the development of innovative and
durable inorganic nanomaterials for the consolidation and protection of Cultural Heritage
substrates. An alkaline earth alkoxide as precursor of calcium carbonate has been synthesized
as stone consolidating agent, being capable to penetrate the porous substrate and to form a
calcium carbonate coating on the pore walls. Efficacy, compatibility and durability are the
three main goals to be achieved by the innovative consolidating agent developed within the
project.

After the identification of the most suitable synthetic route to produce the metal-alkoxides, a
final formulation for stone treatment has been set up for the application on carbonate stones.
Representative carbonate building stones from different European countries and historical
substrates characterized by ongoing damage processes have been selected to be treated and
then exposed to outdoor conditions in four different European sites (Tab. 1) in order to test
efficacy, compatibility towards substrates and durability against climate attack of the
innovative consolidating agents.

Rain, relative humidity, temperature, wind and solar radiation have been prioritized among
climate parameters for establishing methodologies aimed at assessing the long-term behaviour
of treatments. Moreover, specific pre-treatments aimed at simulating deterioration on Carrara
marble specimens as well as on Savonnieres limestone ones have been carried out (Tab.1).
The scheme of exposure is illustrated in Fig.1. Furthermore, microclimatic stations have been
installed nearby the rack hosting stone samples.

The performance of the newly developed product is evaluated by comparing results obtained:
(i) before exposition, (ii) after six month and (iii) after one year of exposure by means of
Optical Microscopy, Scanning Electron Microscopy, Mercury Intrusion Porosimetry,
Spectrophotometry (color measurements), Scotch Tape Test and Capillarity water absorption
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tests aimed at investigate surface properties, penetration depth, interactions with substrate,
cohesion, color change.
Preliminary results concerning consolidating effect are presented and discussed.

Tab. 1. Summarizing table of substrates’ treatments before exposure

SITE SUBSTRATES ARTIFICIAL TREATMENT
10x10x5 cm® DETERIORATION
Florence, Italy Carrara Marble Thermal shock NANOMATCH
Santa Croce Basilica (600°C for 1h) Product
Cologne, Germany Carrara Marble Thermal shock -
Cathedral Savonniéres contaminated with a CaloSiL
limestone 5% w/w Na,SO,4
solution
Oviedo, Spain Carrara Marble Thermal shock
Cathedral Laspra dolostone -
Bucharest, Romania Carrara Marble Thermal shock
Stavropoleos Albesti limestone -
Monastery
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Figure 1. Field exposure tests at Cologne Cathedral, Germany (left); scheme of exposure for Carrara Marble in Florence
(right).
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