NANORESTART (NANOmaterials for the REStoration of works of ART)

Una delle sfide piu attuali e pressanti nell’ambito della conservazione dei beni
culturali riguarda il mantenimento di manufatti artistici moderni e contemporanei
quali dipinti acrilici, oggetti in materiali plastici, € opere composite polimateriche. La
composizione di queste opere ¢ diversa da quella del patrimonio artistico classico,
pertanto le metodologie sviluppate fino ad oggi sono spesso inefficaci nel contrastarne
il degrado.

Il progetto “NANORESTART” (NANOmaterials for the REStoration of works of
ART), con un costo di circa 9 M di euro finanziati dalla Comunita Europea
nell’ambito del programma Horizon 2020, mira quindi alla messa a punto di
nanomateriali e di metodologie avanzate, e a basso impatto eco-tossicologico, per
preservare il patrimonio moderno/contemporaneo. A tale scopo I’ente coordinatore del
progetto (CSGI, Consorzio Universitario per lo Sviluppo di Sistemi a Grande
Interfase) ha riunito una partnership internazionale che raccoglie centri di eccellenza
di scienza dei materiali, musei e centri di conservazione di alto prestigio, e industrie
di primo piano nel settore dello sviluppo di materiali. Il CSGI stesso ¢ ente leader nel
settore della conservazione, avendo gia coordinato progetti per la preservazione del
patrimonio classico.

Il progetto NANORESTART si svolgera nel triennio 2015-2018, ed i nuovi materiali
sviluppati includeranno sistemi detergenti per la pulitura delle opere (gel,
microemulsioni), materiali compositi per il rafforzamento meccanico e la protezione
di superfici artistiche, e tecniche di rilevazione fine dei prodotti di degrado sviluppati
dalle opere d’arte durante il loro invecchiamento.
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Project abstract
NANOmaterials for the REStoration of works of ART

Currently there is a lack of methodologies for the conservation of modern and
contemporary artworks, many of which will not be accessible in very short time due
to extremely fast degradation processes. The challenge of NANORESTART
(NANOmaterials for the REStoration of works of ART) will be to address this issue
within a new framework with respect to the state of the art of conservation science.
NANORESTART is devoted to the development of nanomaterials to ensure long term
protection and security of modern/contemporary cultural heritage, taking into account
environmental and human risks, feasibility and materials costs. The market for
conservation of this heritage is estimated at some €5 billion per year, and could
increase by a significant factor in the next years due to the wider use of
nanomaterials. The new tools and materials developed will represent a breakthrough
in cultural heritage and conservation science and will focus on: (1) tools for controlled
cleaning, such as highly-retentive gels for the confinement of enzymes and
nanostructured fluids based on green surfactants; (i1) the strengthening and protection
of surfaces by using nanocontainers, nanoparticles and supramolecular systems/


http://www.airi.it/

assemblies; (iii) nanostructured substrates and sensors for enhanced molecules
detection; (iv) evaluation of the environmental impact and the development of
security measures for long lasting conservation of cultural heritage. Within the project
the industrial scalability of the developed materials will be demonstrated.
NANORESTART gathers centres of excellence in the field of synthesis and
characterization of nanomaterials, world leading chemical Industries and SMEs
operating in R&D, and International and European centres for conservation, education
and museums. Such centres will assess the new materials on modern/contemporary
artefacts in urgent need of conservation, and disseminate the knowledge and the new
nanomaterials among conservators on a worldwide perspective.

NANO Cathedral. - Nanomaterials for conservation of European architectural
heritage developed by research on characteristic lithotypes.
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The project NANO-CATHEDRAL aims at developing, with a nano-metric scale approach, new
materials, technologies and procedures for the conservation of deteriorated stones in monumental
buildings and cathedrals and high value contemporary architecture, with a particular emphasis on the
preservation of the originality and specificity of materials. The objective is providing “key tools” for
restoration and conservation:

*On representative lithotypes

*On European representative climatic areas

*With a time-scale/environmental approach

*With technology validated in relevant environment (industrial plant and monuments)

*Exploiting results also on modern stone made buildings



A general protocol will be defined for the identification of the petrographic and mineralogical features
of the stone materials, the identification of the degradation patterns, the evaluation of the causes and
mechanisms of alteration and degradation, including the correlations between the relevant state of
decay and the actual microclimatic and air pollution conditions. Moreover, innovative nano-materials
will be developed suitable for:

sSurface consolidation. in this case water-based formulations based on nano-inorganic or nano-hybrid
dispersions such as nano-silica, nano-titania, nano-hydroxyapatite, nano-calcite and nano-magnesia
as well as their synergic combinations with organic and inorganic compounds will be considered.
sSurface protection: in this case, innovative composites will be developed consisting of polymers and
nano-fillers. The use of hydrophobins, nano-assembled hydrofobic proteins extracted from fungi, and
photocatalytic nano-particles (for favoring the decomposition of volatile organic molecules carried by
polluted atmosphere and to prevent biofilm growth) will be considered. The project will contribute to
the development of transnational cultural tourism and to the development of common European shared
values and heritage, thus stimulating a greater sense of European identity.



1.1 Objectives

The project NANO-CATHEDRAL amums at developmg new matenals, and procedures for the
conservation of detensorated stones 1 monumental busldings and cathedrals and lgh value contemporary
architecture, with a particular emphasis on the preservation of the onginality of matenals and on the
development of a talor-made approach to tackle the specific problems related to the different hithotypes. In
fact the objective 15 providang “key tools™ 1 terms of mpovative nano-structured conservation matenals, for
restoration and conservanon on @ fill Exropean scale, thauks to the research work made onte lithenpes

representative of different European geographical areas and stvles (Table 1) and of different climate and
envirommental conditions (Table 2).

Monument | Building period Architectural Main lithotypes classes
Town Style
Mount Pisano marble /black hmestones /Apuan
~ /granstoad rocks /sespentinite
(:"“'""m ISA;O) Gothic Drachenfels Trachyte / Schlaitdoef Sandstone /
Kola 15* Ceatury Obemkirchen Sandstone / Savonmeres Limestone
( _ Neogothac / Volcamc Tuffstones / Basalt lava
Ceatusi /calcarenate from Olanzu
Wien
Medieval Age Late Romanesque | Limestones from Leitha-mountasms and Vienna,
(1140-1513) and Gothae few salsceous sandstones from Lower Austna
Medieval Age Arenaceous lunestone belongmng 10 the Lede
(942-1038) Romanesque Formation (Belgium), and Belgian and French
Ghent | 148 16® Centuries | Brabantine Gothic himestones as replacemsent nsatenals (from
(1300-<a. - 1569) Gobertange. Euville, Savoanséres and Massangis) |
Oslo 2003-2007 Contemporary White Carrara marble
Table 1: maun charactenstics of monuments mnvolved s NANO-CATHEDRAL
CLIMATE AREA | COASTAL | CONTINENTAL | LATITUDE'
South European Pisa Vitona-Gasterz 4243°
Central Exropean . Wien 48°
North Ghent Kola 518

Table 2: selected sites having different climatic coadstions in Europe

The obgective of the NANO-CATHEDRAL progect wall be achseved with a specific survey of the selected
moauments, -

1. Indwect analysss of hustoncal and documental sources.

2. Direct analysis of building matersals and thewr state of conservation.
For thss purpose a general protocol will be defined for the idennficanon of the petrographsc and
vuneralogical features of the stone matenals, the idennfication of the degradation patterns according to
ICOMOS documents’. the evaluation of the causes and mechanisms of alieration and degradation. mcluding
the correlations between the relevant state of decay and the actual mucroclmatic and awr pollution conditions.
Moreover, nmano-addstives and nano-structured composites will be developed sustable for:




e Surface consolidation’ (a matersal that penetratmg by capillanty o the mucro-structure of the

decayed stone, 15 able to strengthen st by replacing lost onginal nuneral bndges, and panally recovenng

lost mechanical properties)

e Surface protection’ (a matenal that penetrating by capillanity into the mucro-strucrure of the stone. 1s

able to prevent the mgress of liquud water, without any change m aesthetical, optical and chemscal

properties of the substrate),
The preparation and selection will be carned out with the aum of provading the best technologcal answer for
the preservation of different types of stones found in the selected cathedrals representative of the diversaty of
For reachung the goal of consohdation, water-based formulations based on nano-morgansc or nano-hybnd
dispersions such as nano-silica, nano-titania, nano-hydroxyvapatite, nano-lime and nano-magnesia as
well as thewr synergc combmations with organse (e.g. fungal hydrophobins) and morgame compounds wall
be conssdered Stome specamens, both as aged i sinv (small or nucro-samples) and as obtamned on purpose
from the ongmnal quames (taken as such or after accelerated aging), will be tested before and after
applicanon of the comsolidation and protection materals to evaluate the effectiveness of the treatment,
according to relevant Ewropean standard protocols’, cusyent scientific literatuse and the development of new
n atu testing procedures. Modelling algonthms wall be developed as predictive tools for the assessment of
effectiveness of the formmlations depending on the different types of stone
To aclueve the goal of stone protection, m\n\tcouponmmﬂbede\vlopedconsstmgofpol\md
nano-fillers; the use of hydrophobins. nano-assembled hydrophobic protemns extracted from fungs’. will be
also considered. The nano-structared protective matenials will be designed to achieve mmproved soal and
water-repellence. In addition, photocatalytic nano-particles will be employed mn order to favour the
decomposition of volatile organsc molecules camned by polluted atmosphere and 10 prevent biofilm growth.
The specific requurements for consolidants and protectives are reported m Scheme 1.
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Scheme 1: requarements for consolidants and profective treatments

Two mxn problems will be specafically addressed: the durability of effective protective meatments and, at
the same time, the re-reatability of the stone materials to allow adeguare maintenance works.

The LCA approach applied to NANO-CATHEDRAL will allow 10 keep mo account the environmental and
health mnpacts related to both the production and the application of the developed matenals and processes.
As thus pont s particulasly mmaportant, because of the mcalculable value of the monuments and for theswr
worldwide mmpact, such analysss will be made before the scahing-up of the studied processes. The
explostation of the project will brng about the adoption of best practices for cathedral preservation by
selectung the most advanced nano-technologies. The dissenunation activities, camed out both i the six
strategac regrons and m all Europe, wall allow to spread and strengthen the awareness, at the European level,
of the contnbution of nanoscience and nanotechnology to cultural henitage preservation

Moreover the mnclusion i the consortrum of the Oslo Opera House, representing a high value conterporary
architecture coated with white Camara masrble, will give the possibility of scaling-up the process and
vahdating the selected matenals and methodologies for the protection of new stones at work, thus expanding

the exploitation field of the proposed nano-technologies.



