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THE NANOFORART PROJECT  

The main objective of the NANOFORART project is the development and experimentation of new 
nanomaterials and responsive systems for the conservation and preservation of movable and 
immovable works of art. 
  
In particular, “smart” nanostructured systems have been designed and characterized to achieve the 
following objectives: 

Consolidation of immovable works of arts 
 

pH control of movable works of arts  
 

 Cleaning of immovable works of arts 
  

Cleaning of movable works of arts 
  

The project is articulated into ten work-packages (WPs) 
that covered a three years period. 
 
The first part of the project aimed at developing 
nanomaterials and technologies optimized for the 
conservation of movable and immovable works of arts, 
while the second part focused on transferring 
technology results to SMEs and end users (museums, 
restorers) for upscale and dissemination activities.	  	  
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CONSOLIDATION OF IMMOVABLE WORKS OF ART 

Conservative issue	  	  

Formulations 

Innovation 

How do they work?	  	  

How are they used?	  	  

Due to several reasons (pollution, weathering, mechanical stress) wall paintings lose their original 
cohesion during time. When this happens a consolidation intervention has to be performed in order to 
recover the mechanical properties of the material and avoid the loss of the pictorial layer.	  	  

The project has produced several formulations for the consolidation of immovable works of art: 
 

Nanoparticles of calcium hydroxide dispersed in ethanol, 1-propanol or 2-propanol 
Nanoparticles of magnesium hydroxide dispersed in 2-propanol 

Nanoparticles of barium hydroxide dispersed in 2-propanol 
Nanoparticles of strontium hydroxide dispersed in 2-propanol 

Mixed formulation of calcium and barium hydroxide nanoparticles dispersed in 2-propanol 
  
The particles come at different possible concentrations (ca. 1-50 g/L), and different properties (e.g. 
size distribution, crystallinity) are possible, according to the conservation needs.	  	  

The formulations are highly compatible with carbonate-based 
materials, such as wall paintings and carbonatic stone. Due to 
their compatibility, they represent an alternative to traditional 
consolidation materials used in restoration practice, for 
instance synthetic polymer coatings that exhibit poor 
compatibility with inorganic porous works of art and can 
produce detrimental effects in the long-term.	  	  

The particles penetrate into the pores and cracks of the artifacts, where they act as a binder for the 
de-cohered layers and powdering surface of the works of art. Thanks to their high penetration 
properties and their high reactivity, nanoparticles find applications in the field of conservation as 
consolidant.	  	  

The dispersions of nanoparticles are typically 
applied either by brushing (over Japanese paper) 
or by spraying them over the artifact’s surface. A 
humid cellulose poultice, or a light spray of water, 
is then applied onto the treated surface to 
prevent the formation of white veils and to favor 
the transformation of the hydroxide particles into 
carbonate. Full carbonation then takes place in 
2-3 weeks, also depending on the hydrothermal 
conditions. Several cycles of application can be 
carried out if need be to provide consolidation of 
the weakened surface.	  	  
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pH CONTROL OF MOVABLE WORKS OF ART 

Conservative issue	  	  

Formulations 

Innovation 

How do they work?	  	  

How are they used?	  	  

Acidity affects several types of artworks, leading to their weakening. For instance, cellulose-based 
artifacts, such as paper, wood and canvas exhibit loss of mechanical properties due to acid hydrolysis 
of cellulose. Collagen-based artifacts (parchment, leather) are also damaged by acidity excess. It is 
therefore necessary to counteract acidity through the application of an alkaline buffer on the 
endangered material.	  	  

The project has produced several formulations for the deacidification and pH control of movable works 
of art: 
 

Nanoparticles of calcium hydroxide dispersed in ethanol, 1-propanol, 2-propanol or cyclohexane 
Nanoparticles of magnesium hydroxide dispersed in 2-propanol 

Nanoparticles of calcium carbonate dispersed in 2-propanol or water 
Nanoparticles of calcium/magnesium or strontium carbonate dispersed in water 

Nanoparticles of calcium or magnesium carbonate dispersed in 2-propanol 
Nanoparticles of calcium carbonate dispersed in cyclohexane 

Magnesium oxide nanoparticles dispersed in water 
  
The particles come at different possible concentrations (ca. 1-100 g/L), and different properties (e.g. 
size distribution, crystallinity) are possible, according to the conservation needs.	  	  

The use of nano-sized particles grants high reactivity 
to acids and CO2, the latter turns hydroxide into 
carbonate avoiding too high pH values on the treated 
fibers. The reduced size of the particles also favors their 
penetration through paper sizing. These systems 
represent an alternative to methods that use micron-
sized particles and precursors of hydroxide (or 
carbonate). The use of non-aqueous solvents makes 
these systems compatible with several water-sensitive 
substrates.	  	  

The particles adhere to the cellulose (and collagen) fibers, 
and neutralize acidity on site. The excess of particles reacts 
with CO2 in the atmosphere, turning into carbonate. It has been 
shown that a neutral pH also discourages the oxidation of 
cellulose by iron and copper ions, as those present in the 
classic metal-gall inks.	  	  

The dispersions of nanoparticles are typically applied either by 
brushing, dripping or spraying over the artifact’s surface, or by 
immersion of the artifact into the dispersion. If hydroxides are 
used, full carbonation then takes place in 2-3 weeks, also 
depending on the hydrothermal conditions. It is possible to apply 
the right amount of particles so to reach the desired pH value. 
Slight excess of particles can be applied to provide the artifact 
with an alkaline buffer against recurring acidity.	  	  
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CLEANING OF IMMOVABLE WORKS OF ART 

Conservative issue	  	  

Formulations 

Innovation 

How do they work?	  	  

How are they used?	  	  

Several undesirable materials can be found on the surface of wall paintings. Oily soil and dirt or 
organic compounds inappropriately applied during previous conservation workshops are some of the 
materials that must be removed from these work of arts. In several cases the removal of detrimental 
coatings prevents damage in the long-term (e.g. flaking of the surface layers). 

The project has produced several formulations for the cleaning of immovable works of art, namely 
“oil-in-water” (o/w) nanostructured fluids where low amounts of organic solvents (content ranging 
from less than 5 to 25%) are dispersed as nano-sized droplets in water, with the help of surfactants. 
The different formulations offer a palette of possibilities in order to remove complex layers with 
different composition and polarity: 
  

o/w microemulsion containing ethyl acetate and propylene carbonate 
o/w microemulsion containing xylene (or xylene and nitro-diluent, or xylene and ligroin) 

o/w microemulsion containing methyl ethyl ketone and/or butyl acetate or butanol 

These aqueous cleaning systems are particularly effective in the 
removal of oily soils without redeposition into the pores of the wall. 
They offer performances not achievable with traditional solvent cleaning 
and represent a new platform for conservation of work of arts. 
Nanostructured cleaning fluids (water-in-oil microemulsions, micellar 
solutions) are substantially based on water, with a drastically reduced 
solvent content while maintaining cleaning effectiveness. The 
environmental impact is therefore minimized, and the safety for the 
operator increased. Moreover, solvents and microemulsions can be 
confined in chemical gels that allow the control of the cleaning action 
while depressing the liquids' volatility, so that the safety of the cleaning 
systems is increased.	  	  

They possess excellent detergency properties thanks to their huge interface and to the combined 
action of solvent and soap. Essentially, microemulsions promote the swelling and detachment of 
detrimental coatings from the surface of the works of art, through different mechanisms as those 
involved in the use of neat solvents or solvents blends. Overall, the re-dispersion of dissolved/detached 
matter through the pores of the work of art is limited as compared to the direct use of solvents.	  	  

Aqueous (oil-in-water) microemulsion can be loaded into a 
poultice (e.g. a cellulose pulp compress) and applied on the 
surface of works of art: the poultice absorbs the dissolved or 
detached layers of grime, detrimental coatings or aged 
varnishes, preventing their re-dispersion in the pores of the 
artifact. Swollen (softened) residues of coatings can also be 
removed by a gentle mechanical action directly after the 
removal of poultice. Rinsing with water can be used in some 
cases to complete the cleaning intervention. 
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CLEANING OF MOVABLE WORKS OF ART 

Conservative issue	  	  

Formulations 

Innovation 

How do they work?	  	  

How are they used?	  	  

Cleaning of easel paintings is a very delicate operation, since 
detergent systems have to perform a selective and controlled 
action to remove grime, dirt and/or aged varnishes without 
affecting the underlying pictorial layer. Gels were usually used 
for this purpose. These systems offer quite good performances, 
but their nature makes them very hard to be removed from the 
cleaned surface and might produce irreversible damages to the 
pictorial layer.	  	  

The project has developed chemical hydrogels (based on a pHEMA/PVP semi-interpenetrated network) 
with different mechanical properties and retentiveness to adapt different conservation cases, where 
the both wetting of the surface and the amount/rate of removal of unwanted layers need to be 
controlled.	  	  

These innovative gels leave no residues on the surface of the painting and do not have the side 
effects of conventional gels. They can be loaded with pure solvents or with microemulsions leading 
to the most performing cleaning systems.	  	  

They are used as vehicle (containers) for the liquid cleaning agent. They prevent the liquid from fast 
evaporation and uncontrolled penetration into porous materials making the cleaning safer. They can 
be responsive to external stimuli (electric, magnetic, pH) and this makes them appealing for several 
cleaning operations.	  	  

The transparent gels are used as loaded with water, aqueous solutions, several solvents or “oil-in-
water” microemulsions. The loaded gel is applied over the surface, and the undesired layers (dirt, 
grime, aged varnishes, adhesives etc.) are either dissolved (and migrate into the gel) or swollen/
softened and removed by gentle mechanical action directly after the removal of the gel form the 
surface.	  	  
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PROJECT PARTNERSHIP 

CSGI - University of Florence, Department of Chemistry, Florence 
MNAH - Instituto Nacional de Antropología e Historia – Ciudad de México 

NMD - National Museum of Denmark 
IPCE - Instituto del Patrimonio Cultural de España 

MBN - MBN Nanomaterialia 
UCL - University College London (Eastman Dental Institute) 
UPCEFR - University of Pardubice – Faculty of Restoration 

BC - Birkbeck College – University of London 
ZFB - ZFB Zentrum für Bucherhaltung GmbH 

CM - Chevalier-Aurelia 
SIT - SIT Grupo Empresarial SL 

GEMA - GEMA Art Group 
MORANA - Morana RTD 

UNIVE - University Ca’ Foscari of Venice 



Publications 

M. Baglioni, D. Berti, J. Teixeira, R. Giorgi, and P. Baglioni, Nanostructured Surfactant-Based Systems for the Removal of Polymers 
from Wall Paintings: A Small-Angle Neutron Scattering Study, Langmuir 28, 2012. 

J. Domingues, N. Bonelli, R. Giorgi, E. Fratini, F. Gorel, and P. Baglioni, Innovative Hydrogels Based on Semi-Interpenetrating p
(HEMA)/PVP Networks for the Cleaning of Water-Sensitive Cultural Heritage Artifacts, Langmuir 29, 2013. 

P. Baglioni, D. Chelazzi, R. Giorgi, G. Poggi, Colloid and Materials Science for the Conservation of Cultural Heritage: Cleaning, 
Consolidation, and Deacidification, Langmuir 29, 2013. 

E. Carretti, D. Chelazzi, G. Rocchigiani, P. Baglioni, G. Poggi, and L. Dei, Interactions between Nanostructured Calcium Hydroxide 
and Acrylate Copolymers: Implications in Cultural Heritage Conservation, Langmuir 29, 2013.  

P. Baglioni, D. Chelazzi, R. Giorgi, E. Carretti, N. Toccafondi, Y. Jaidar, Commercial Ca(OH)2 nanoparticles for the consolidation of 
immovable works of art, Applied Physics A: Materials Science and Processing, 2013.  

P. Baglioni, D. Berti, M. Bonini, E. Carretti, L. Dei, E. Fratini, R. Giorgi, Micelles, microemulsions, and gels for the conservation of 
cultural heritage, Advances in Colloid and Interface Science, 205, 2013.  

J. Domingues, N. Bonelli, R. Giorgi, P. Baglioni, Chemical semi-IPN hydrogels for the removal of adhesives from canvas paintings, 
Applied Physics A: Materials Science and Processing, 2013.  

J. Domingues, N. Bonelli, R. Giorgi, E. Fratini, P. Baglioni, Innovative Method for the Cleaning of Water-Sensitive Artifacts: 
Synthesis and Application of Highly Retentive Chemical Hydrogels, International Journal of Conservation Science 4, 2013. 

G. Poggi, N. Toccafondi, L. N. Melita, J. C. Knowles, L. Bozec, R. Giorgi, P. Baglioni, Calcium hydroxide nanoparticles for the 
conservation of cultural heritage: new formulations for the deacidification of cellulose-based artifacts, Applied Physics A: 
Materials Science and Processing, 2013.  

M. Baglioni, M. Raudino, D. Berti, U. Keiderling, R. Bordes, K. Holmberg, P. Baglioni, Nanostructured fluids from degradable 
nonionic surfactants for the cleaning of works of art from polymer contaminants, Soft Matter Vol. 10/Issue 35, 2014. 

D. Chelazzi, A. Chevalier, G. Pizzorusso, R. Giorgi, M. Menu, P. Baglioni, Characterization and degradation of poly(vinyl acetate)-
based adhesives for canvas paintings, Polymer Degradation and Stability. Vol. 107, 2014. 

M. Baglioni, Y. Jaidar Benavides, D. Berti, R. Giorgi, U. Keiderling, P. Baglioni, An amine-oxide surfactant-based microemulsion for 
the cleaning of works of art, Journal of Colloid and Interface Science. 440, 2015, 204-210. 

M. Odlyha, L. Bozec., A. Bartoletti, LN. Melita, R. Larsen, K. Muhlen Axelsson, E. Dahlin, T. Grontoft, P. Baglioni, R. Giorgi, D. 
Chelazzi, R. Bergerat, Damage assessment of parchment at the collagen fibril level using atomic force microscopy and 
mechanical testing at the macro level, 2014, In ICOM-CC 17th Triennial Conference Preprints, Melbourne, 15–19 September 
2014, ed. J. Bridgland, art. 0607, 7 pp. Paris: International Council of Museums. 

I. Brajer, M. Fosse-Le Rouzic, Y. Shashoua, M. Taube, D. Chelazzi, M. Baglioni, R. Giorgi, P. Baglioni, The removal of aged acrylic 
coatings from wall paitings using microemulsions, 2014, In ICOM-CC 17th Triennial Conference Preprints, Melbourne, 15–19 
September 2014, ed. J. Bridgland, art. 1103, 8 pp. Paris: International Council of Museums. 

P. Meehan, Y. Jaidar, R. Giorgi, P. Baglioni, Old interventions and potential new treatments for Maya mural paintings in Tulum 
(Mexico), 2014. In ICOM-CC 17th Triennial Conference Preprints, Melbourne, 15–19 September 2014, ed. J. Bridgland, art. 
1106, 7 pp. Paris: International Council of Museums. 

P. Baglioni, D. Berti, E. Carretti, D. Chelazzi, L. Dei, E. Fratini, R. Giorgi, The art of soft and hard nanomatter for the 
conservation of world cultural heritage. Nature Nanotechnology, in press, January 2015. 

 
 
"Nanoscience for the Conservation of Works of Art" (2013), eds. P. Baglioni and D. Chelazzi, RSC Nanoscience & Nanotechnology, 

The Royal Society of Chemistry, Cambridge, UK. 
"Nanotechnologies in the Conservation of Cultural Heritage" (2015) – A compendium of materials and techniques”, P. Baglioni, D. 

Chelazzi, R. Giorgi, Springer Science + Business Media Dordrecht. 



NANOFORART,	  SCIENTIFIC	  REPORT	  (REPORTING	  PERIOD	  2)	  
PUBLISHABLE	  SUMMARY	  –	  ATTACHED	  PDF	  
	  

	  
List	  of	  project’s	  participants	  

	  
No	   Name	   Short	  name	   Country	  
1*	   CONSORZIO	   INTERUNIVERSITARIO	   PER	   LO	   SVILUPPO	   DEI	  

SISTEMI	  A	  GRANDE	  INTERFASE	  *	  
CSGI	  *	   Italy	  	  

2	   INSTITUTO	  NACIONAL	  DE	  ANTROPOLOGIA	  E	  HISTORIA	   MNAH	   Mexico	  
3	   NATIONALMUSEET	   NMD	   Denmark	  
4	   MINISTERIO	  DE	  CULTURA	   IPCE	   Spain	  
5	   MBN	  NANOMATERIALIA	  SPA	   MBN	   Italy	  
6	   UNIVERSITY	  COLLEGE	  LONDON	   UCL	   United	  Kingdom	  
7	   UNIVERZITA	  PARDUBICE	   UPCEFR	   Czech	  Republic	  
8	   BIRKBECK	  COLLEGE	  -‐	  UNIVERSITY	  OF	  LONDON	   BC	   United	  Kingdom	  
9	   ZFB	  ZENTRUM	  FUR	  BUCHERHALTUNG	  GMBH	  	   ZFB	   Germany	  
10	   CENTRE	  DE	  RECHERCHE	  ET	  DE	  RESTAURATION	  DES	  MUSEES	  DE	  

FRANCE	  (terminated	  on	  01/12/2011)	  
C2RMF	   France	  

11	   CHEVALIER	  AURELIA	   CM	   France	  
12	   SIT	  Transportes	  Internacionales	  S.L.	   SIT	   Spain	  
13	   GEMA	  ART	  GROUP	  AS	   GEMA	   Czech	  Republic	  
14	   MORANA	  RTD	  DOO	   MRTD	   Slovenia	  
15	   UNIVERSITA	  CA'	  FOSCARI	  VENEZIA	   UNIVE	   Italy	  
	  
*	  Project	  Coordinator	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	  
NANOFORART – CONTACT LIST 

Organization Contact Email 
CSGI Piero Baglioni baglioni@csgi.unifi.it  
CSGI Rodorico Giorgi giorgi@csgi.unifi.it  
CSGI David Chelazzi chelazzi@csgi.unifi.it 
MNAH Laura Filloy lfilloy@yahoo.com 
NMD Isabelle Brajer Isabelle.Brajer@natmus.dk  
IPCE Carmen Hidalgo carmen.hidalgo.b@mecd.es 
MBN Paolo Matteazzi research@mbn.it 
MBN Alvise Bianchin research@mbn.it 
UCL Laurent Bozec l.bozec@ucl.ac.uk 
UPCEFR Karol Bayer Karol.Bayer@upce.cz  
BC Marianne Odlyha m.odlyha@bbk.ac.uk 
ZFB Manfred Anders anders@zfb.com 
CM Aurelia Chevalier aureliachevalier@yahoo.fr 
SIT Guillermo Andrade guillermo.andrade@sitspain.com 
GEMA Petr Justa Justa@gemaart.cz 
MRTD Jana Kolar kolar.jana@gmail.com 
UNIVE Antonio Marcomini marcom@unive.it 
UNIVE Elena Semenzin semenzin@unive.it  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	  
	  
	  
	  
	  


