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Introduction 
Deterioration of historic building materials has become 
more and more important since climate change has 
worsened the natural decay and the impact of 
atmospheric pollution. Furthermore in recent years 
socio-economic requirements have claimed a more 
sustainable use of existing heritage buildings. On the 
basis of these premises, the NANOMATCH project will 
address this issue through the development of innovative 
consolidants specifically designed to meet the 
requirements of the historic building substrates and 
integrated in high performance products to renovate the 
market dedicated to the conservation of the built 
heritage. 
NANOMATCH is a three-year European Collaborative 
Project that involves 15 partners from 6 European 
countries and one Associate State(the research 
institutions CNR-ISAC (Coordinator) and ICIS (IT), 
TNO (NL), TECNALIA (S), LRMH (F), Fraunhofer 
(D), AIDICO (S) and SMEs R.E.D.srl (IT), 
NANOTEGO INC.(TR), Bofimex (NL), Eschlimann (F), 
T_O_P GmbH (D), SC DUCT SRL (RO) and the 
responsibles of 2 sites, Opera di Santa Croce Firenze 
(IT) and Metropolitankapitel der Hohen Domkirche Köln 
– Dombauverwaltung (D)). 

Concept and objectives 
To preserve European historic buildings for the next 
generations to come, it is necessary to face the problems 
of main materials like stone, wood and glass. 
Although knowledge on deterioration processes of 
building materials have been greatly improved, no really 
effective solutions to preserve and protect these 
materials have been found yet. Moreover, the 
performance of many products applied in  conservation 
and restoration activities has recently been drastically 
reconsidered due to their subsequent chemical 
modification, loss of efficiency, irreversibility, low 
compatibility with the substrate,  difficulties of 
application and economic disadvantages because of the 
failure or poor efficiency of the treatment [1,2,3].  
Hence in the context of climate and pollutant 
concentration and typologies change, new threats and 
solutions are urgently needed. 
In this context, NANOMATCH proposes the use of 
metal alkoxides as molecular precursors for the 
deposition of metal carbonate as consolidant materials 
for carbonate stone and wooden materials and metal 
oxide as a glass consolidant. 

This will lead to a new generation of nano-structured 
materials tailored to characteristics of historic materials 
in a context of climate change, merging the most recent 
advances of research in the fields of nanotechnologies 
and conservation science.  
The final aim is to enter the market of conservation 
products as a real alternative for unfit traditional ones. 
The expected features making them competitive 
compared to conventional conservation products are: 

- Compatible with the main materials used in built 
heritage like stone and wood -even painted- and 
glass, ensuring enhanced re-treatability, sustainability 
and efficiency; 

- Durable as the substrate; 
- Easy and safe to handle and environmentally 

sustainable; 
- Fairly inexpensive. 

Description of work 

Alkaline earth and semimetal alkoxides are suitable 
molecular precursors of consolidants for stone, wood and 
glass because the corresponding solutions or nano-
particulate inorganic sols, upon evaporation of the 
solvent based carrier, undergo hydrolysis and 
condensation or carbonation inside the porous structure 
of the substrate. This turns out in a nano-structured 
coating adherent to the substrate pore walls (stone, 
wood) or to internal cracks (glass). 
Differently from silica coating deriving from the 
traditional consolidants like Tetra-Ethyl-Ortho-Silicate 
(TEOS), this film homogeneously permeates all the 
pores and gradually fills all the cavities of porous 
substrate binding the grains together, fulfilling the 
necessary requirements a consolidant should have. 
Furthermore, non-destructive measurements showed that 
the coating increases by 20% the stone cohesion 
whereas, thanks to its nanodimensions, it does neither 
affect the surface appearance or the water vapour 
permeability. 
Besides that, the resulting compounds, carbonates and/or 
oxides, have the property -by appropriate molecular 
tuning according to the substrate requirements- to be 
stable under major physical, chemical and microbial 
attacks, restoring integrity and mechanical properties of 
the original matrix.  
Particularly alkaline earth alkoxides, calcium and 
magnesium, acting as precursors of corresponding 
carbonate [4], can be considered for stone strengthening 
as an indispensable and essential preliminary action for 
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its conservation, as preliminary demonstrated in some 
feasibility tests made within the bilateral Italian-French 
GALILEO Project [5].  
The same material will be used for wood as these 
materials, besides strengthening effects, also ensure an 
alkaline supply to mitigate acidic deterioration processes 
of cellulose structures. As for wood it is desirable to 
enhance bioresistance and cohesion, the basic Ca/Mg 
alkoxides will be complemented via known technology 
with biocide functionalities by adding Zn/Cu or TiO2 
nanoparticles or organic molecules.  
Regarding the innovative glass material, a molecularly 
dispersed aluminum alkoxide complex (A18), was 
developed within the EU-project CONSTGLASS. Its 
promising properties as glass-in-glass consolidant are 
due to its very low viscosity that allows its penetration in 
the smallest capillaries of corroded glass. After solvent 
evaporation, the micro porous residue consists of an 
aluminum oxide precursor, which subsequently 
hydrolyses very slowly leading to an oxide network 
chemically bonded tight to the walls of the inner surfaces 

of the cracks. A micro porous oxide network is formed 
which is filled little by little with components that 
migrates from the glass. This procedure heals corroded 
glass due to an implemented guiding structure that drives 
all the necessary constituents from vicinity of the crack 
to restructure a new glass matrix within the crack [6]. 
To reach these objectives the research will be developed 
as here synthetized:  

- Different synthesis routes will be tested,  
- Application methodologies will be developed in 

laboratory  
- The new compounds will be tested in laboratory 

and after in the field.  

 
In four sites (Figure 2) the field tests will be done and 
the new products will be tested and validated. The 
selected sites . They are located in polluted and 
climatologically different areas so that the effects of the 
different environmental conditions can be evaluated. 

 

  
 

  

Figure 2. Santa Croce in Florence (IT), Cologne Cathedral (D), Oviedo Cathedral (S)  
and Stavropoleos Monastery in Bucharest (Romania). 

Keywords 
Metal alkoxides, nanostructured materials, building 
conservation. 

Acknowledgements 
The project was founded by the European Commission: 
FP7/2007-2013: grant agreement no. 283182). 

References 
[1] M.J. Melo, S. Bracci, M. Camaiti, O. Chiantore, F. 
Piacenti, Polym. Degrad. Stab., 66, 23, 2006 
[2] M. Favaro, R. Mendichi, F. Ossola, U. Russo, S. 
Simon, P. Tomasin, P. A. Vigato, Polym. Degrad. 
Stab.,91, 3083, 2006 
[3] M.Favaro, R.Mendichi, F.Ossola, S. Simon,P. 
Tomasin, P. A.Vigato Polym.Degrad.Stab.,92 ,335, 2007 
 [4] Favaro M., Tomasin P., Ossola F., Vigato P.A. 2008 
Applied Organometallic Chemistry 22, 698-704 
[5] S.Duchêne, V.Detalle, M.Favaro, F.Ossola, P. 
Tomasin, C.De Zorzi, N.El Habra. Nanomaterials for 
consolidation of marble and wall paintings. In: Proc. of 
12th International Congress on the Deterioration and 
Conservation of Stone, Columbia Univ., New York 22-
26/10/2012  
 [6] Brinkmann, U., et at. The CONSTGLASS Project: 
Screening of Conservation Campaigns and Material 
Development for the Sustainable Preservation of 
European Stained-Glass Windows. in “The Art of 
Collaboration Stained-Glass Conservation in the  

 
Twenty-first Century”, Harvey Miller Publishers, 
London, p.144-150, 2010 
 

Biosketch  
Dr. Adriana Bernardi, Head of the ISAC UNIT of Padua, 
Doctor in Physics, senior researcher scientist. Since 1980 
she works in the field of microclimatology, 
environmental sciences and conservation of cultural 
heritage. Author of more than 180 scientific papers. 
Responsible for several projects, in particular 
coordinator of EU project: VIDRIO(5FP), TeACH(7FP) 
and NANOMATCH (7FP). Evaluator of proposals 
during the 5thFP. Member of the ECTP, coordinator of 
the WG4 “Energy and Environment” within the Focus 
Area Cultural Heritage (FACH), member and 
representing for the FACH group in the JTI-E2B 
(Energy Efficient Buildings). Member of numerous 
commissions on CH and Standards (UNI & CEN). 
Professor at Ferrara University. 

 

Contacts 
Dr. Adriana Bernardi 
Institute of Atmospheric Science and Climate  
National Research Council (CNR-ISAC) 
Corso Stati Uniti 4, 35127 Padova Italy 
Tel.: +39 049 8295906 / e-mail: a.bernardi@isac.cnr.it 


