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Nanoscience and nanotechnology are revolutionizing materials sci-
ence in a pervasive way, in a manner similar to polymer chemistry’s rev-
olution of materials science over the preceding century. The continuous
development of novel nanoparticle-based materials and the study of
physicochemical phenomena at the nanoscale are creating new
approaches to conservation science, leading to new methodologies that
can “revert” the degradation processes of the works of art, in most cases
“restoring” them to their original magnificent appearance.

Until recently, serendipity and experiment have been the most fre-
quent design principles of formulations for either cleaning or consoli-
dation of works of art. Accordingly, the past has witnessed a number of actively detrimental treatments, such as the
application of acrylic and vinyl resins to wall paintings, which can irreversibly jeopardize the appearance (or even the
continued existence) of irreplaceable works of art. Current research activity in conservation science is largely based
on the paradigm that compatibility of materials is the most important prerequisite for obtaining excellent and dura-
ble results.

The most advanced current methodologies are (i) the use of water-based micelles and microemulsions (neat or com-
bined with gels) for the removal of accidental contaminants and polymers used in past restorations and (ii) the appli-
cation of calcium hydroxide nanoparticles for the consolidation of works of art. In this Account, we highlight how
conservation science can benefit from the conceptual and the methodological background derived from both soft (micro-
emulsions and micelles for cleaning) and hard (nanoparticles for consolidation) nanoscience.

A combination of different nanotechnologies allows today’s conservators to provide, in each restoration step, inter-
ventions respectful of the physicochemical characteristics of the materials used by artists. The “palette” of methods
provided by nanoscience is continuously enriching the field, and the development of novel nanomaterials and the study
of nanoscale physicochemical phenomena will further improve the performance of restoration formulations and our
comprehension of degradation mechanisms.
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Introduction

It is well accepted that modern Conservation Science origi-
nated from the tragic floods that devastated Florence and Ven-
ice in 1966, imposing the search for new methodologies to
restore and conserve the immense Cultural Heritage heavily
damaged by the flood. A scientific method for conservation of
carbonatic materials was proposed for the first time by Enzo
Ferroni at the International ICOM Conference in Amsterdam
(1969)."2 This new method for the “in situ consolidation” of
wall paintings was able to “restore”, in a two-step series of
chemical reactions, the degradation of calcium carbonate, the
principal constituent of wall paintings, drastically damaged by
the flood. The new Science for Conservation has developed in
a fast and healthy way following two main streams: (i) the
analytical characterization of the materials constituting the
works of art, the characterization of the pictorial technique
used by the artists, and the chemical reactions involved in
their degradation; (i) the search for new scientific methods for
the restoration/conservation, allowing the transfer to future
generations of our Cultural Heritage. The last point will be the
object of this Account, where we will review some of the most
important methodologies developed, mainly using the cul-
tural framework of soft-condensed matter and nanoscience.

Generally speaking, the restoration of a work of art con-
sists of two distinct aspects:

(1) cleaning, which is a transient treatment, meant to remove
the materials not originally belonging to the work of art.

(2) consolidation, which is a durable intervention that should
remediate, prevent, or slow down further degradation due
to aging or external agents.

All of the current research activity in Conservation Science
is mainly based on the paradigm that compatibility of materi-
als is the most important prerequisite in order to obtain excel-
lent and durable results. In view of this seemingly intuitive, yet
novel, awareness, it is clear that the use of polymers for the
consolidation of inorganic materials should be avoided as
much as possible in the restoration of the original features of
the unaltered material.

Currently this is mainly achieved thanks to the tremendous
advancements witnessed by nanoscience and nanotechnol-
ogy that provide theoretical and technical backgrounds to for-
mulate innovative systems for restoration.>*

We pioneered the application of nanoscience to Cultural
Heritage conservation, and we devised several methods for
the consolidation of wall paintings, for paper and wood dea-
cidification, and for the removal of grime, dirt, polymers, and
other organic materials soiling the original artifacts.>~ ' In this
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Account, we will highlight (as an example of the potential of
these new “nanotools”) the use of “soft” microemulsions and
micelles for cleaning and “hard” nanoparticles for consolida-
tion of works of art.

Degradation of Polymer Resins Used in
Past Restoration

Reversibility of the restoration treatment has been presented
for decades as a milestone in conservation.'® This principle
has supported several conservators in the usage of polymer
resins, made available by the industry since 1960, which were
considered the “panacea” for the restoration of works of art.
Consolidation and protection of paintings, stone, wood, paper,
glass, ceramic, and bones was made possible by simple appli-
cation of organic solutions, through immersion, injection, or
brushing, of acrylic, vinylic, and silicone-based polymers and
(their) copolymers. Most of these polymers were considered
“reversible”, that is, the solvent used for the application could
be later used for the removal (if desired) of the applied resins.

The large use of polymers was also favored by the “the bril-
liant water-white color of the polymers” that “makes it possi-
ble to secure masses of high light transmission and great
optical clarity - because of the remarkable stability of the poly-
mers to the action of heat and light, these properties are per-
manent” and by the “many striking and beautiful effects can
be produced by the incorporation of dyes and pigments”.'*

Unfortunately, the application of polymer coatings induces
severe modifications of the main physicochemical properties
of artifacts, particularly for inorganic matrices as wall
paintings.'>'¢ Investigations performed on Paraloid B72 (or
Acryloid) (EMA/MA 70:30 w/w; ethyl methacrylate/methyl
acrylate; weight average molecular weight 88 000 g/mol; sup-
plier Rohm and Haas (USA)), Elvacite 2046 (nBMA/iBMA; n-bu-
tyl methacrylate/i-butyl methacrylate), and Primal AC33 (or
Rhoplex, EA/MMA 60:40 w/w; ethyl acrylate/methyl meth-
acrylate; viscosity (Pa-s) 6, T, (°C) 16; supplier Rohm and Haas
(USA)) showed that water capillarity, water vapor permeabil-
ity, and surface wettability of lime mortar change drastically.
The application of polymers leads to a strong increase of sur-
face hydrophobicity, to a decrease of about 70—85% of the
capillary rise coefficients and 40—50% of the vapor perme-
ability, and to an increase of contact angle from about 30° to
100°."7

When the surface is coated with a polymer, salt crystalli-
zation occurs within the pores of the wall paintings, generat-
ing strong mechanical stress beneath the painted layer
(50—100 um) and leading to the complete disruption of the
pictorial layer in a period of time from about 5 to 30—40
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paintings from the last restoration in 1999 due to the mowilith DM5 coating.

years, depending on the environmental conditions. The alter-
ation of the natural “breathing” of the surface due to the pres-
ence of the polymer increases consistently the deleterious
mechanical effect of salt crystallization from the interior of the
wall with the complete detachment of the painting from its
support, that is, the surface of the work of art. In addition to
the degradation of the painted layer promoted by the drastic
change of the physicochemical characteristics, polymers them-
selves degrade, and upon aging they are subjected to molec-
ular weight changes due to cross-linking reactions and chain
scissions. The main consequence of cross-linking is the loss of
solubility, which makes the application irreversible.'8~2°

Photoaging under UV light was examined by some authors to
detect the molecular weight distribution change due to chain scis-
sions or coupling of macroradicals.'® The overall stability of the
polymers was shown to be influenced by the alkyl side groups,
particularly in the case of paraloid B66 (nBMA; poly(methyl,n-
butyl methacrylate)) and paraloid B67 (iBMA; poly(isobutyl meth-
acrylate)), where relatively longer ester chains are present. In
these compounds, the oxidation is favored by hydrogen atoms,
either on the methylenes of the n-butyl groups in B66 or on the
tertiary carbon of the isobutyl groups in B67. Polymers contain-
ing n-butyl ester groups undergo fast and extensive cross-link-
ing together with some chain scissioning.

Paraloid B72 and paraloid B82 (MMA, poly(methyl methacry-
late)) show a good stability toward oxidation due to the pres-
ence of the EMA and MMA methacrylic units'® and seem to be
suitable as consolidants and protective agents for applications to
wall paintings and other artifacts. However, it is important to
notice that the composition of commercially available products
contains almost 1% i-BMA, formed during the polymerization
reaction. Even tiny amounts of i-BMA may initiate radical forma-
tion leading to extensive cross-linking reactions, similarly to paral-
oid B66 and B67. The difference in paraloid B72 with the other
member of this polymer family is mainly related to the slower

degradation process but is quite common the evidence of
enhanced degradation generated by paraloid B72 (as well as
B66 and B67) used in past restorations. The degradation effects
are particularly evident in locations where the environmental
conditions are severe due to fluctuations of temperature and rel-
ative humidity or in very polluted urban areas where photochem-
ical smog favors polymer degradation, as demonstrated in a
recent paper by Favaro and co-workers.2°

Conservation treatments based on resins have produced
irreversible degradation of most of Mesoamerican paintings.?’
Recent investigations in the archeological site of Mayapan
(Mexico, Post-Classic Age 1200—1450 a.C.) have demon-
strated the dramatic conditions of these paintings recently sub-
mitted to consolidation and protection treatments with
mowilith (vinyl acetate/n-butyl acrylate 65:35 w/w copoly-
mer) resins. A photographic documentation reveals that in less
than 10 years a relevant portion of the original painting was
lost (see Figure 1). This was due to the combination of the
mowilith film with extensive salt crystallization processes that
quickly destroyed the plaster beneath the paint layer.

In addition to the mechanical degradation, the natural aging
of polymer resins generates discoloration and loss of solubility,
due to the increase of the polymer molecular weight. At the end
of the degradation process, these polymers are very difficult or
impossible to remove with conventional neat solvents. Consid-
ering the severe side effects generated by the use of polymers
and the necessity of their removal, we proposed the use of nano-
structured fluids; some examples are highlighted in the following.

Cleaning and Removal of Polymeric
Coatings by Means of Amphiphile-Based
Systems

Historically, the first application of soft matter concepts was
performed in Florence at the end of the 1980s during the res-
toration of the Renaissance masterpiece by Masaccio,
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Masolino, and Lippi in the Brancacci Chapel in Florence
(1984—1990).22 Investigations under UV light of the paint-
ings revealed the presence of a multitude of wax spots due to
the extinction of votive candles kept close to the wall paint-
ing. The removal of this hydrophobic material from the hydro-
philic fresco painting was obtained using microemulsions.?3~2°

The microemulsion used in Brancacci’'s paintings was very
similar to the so-called “French microemulsion” and was
formed by nanosized dodecane droplets, dispersed in an
aqueous solution of ammonium?” dodecylsulfate (surfactant)
and 1-butanol (cosurfactant).

The oil in water microemulsion ensured low aggressive-
ness with respect to the original components of the painted
layer, due to the presence of water as a dispersing medium
that remained in direct contact with the hydrophilic surface of
the wall painting.?*

Since this pioneering example, several other surfactant-
based micellar and microemulsive systems have been used by
our group to clean wall paintings and canvases both from acci-
dental contamination and from polymers that have been
extensively used as consolidants and protectives in past
restorations.

Nanocompartmentalized systems specifically tailored for
the removal of paraloid B72, primal AC33, and mowilith DM5
(vinyl acetate/n-butyl acrylate 65:35 w/w copolymer; viscos-
ity (Pa-s) 3.5, T, (°C) 2; supplier Hoechst, Germany) resins have
been recently formulated by some of us. Both micelles and
swollen micelles work as nanocontainers of solvents that can
dissolve polymers to obtain their complete removal from the
surface and from the porous texture of the work of art. The
detergency capability mainly depends on the very large sur-
face area of micelles and nanodroplets available for interac-
tion with the polymer coating. The water-based system
reduces the penetration into the artifact porous matrix that
occurs with organic solvents and the associated polymer redis-
solution into the artifact but also reduces the toxicity of the
formulation, offering better and faster performance than pure
organic solvents. Table 1 reports the composition of some of
the most successful formulations used for cleaning.

Oil in water microemulsion made with sodium dodecyl sul-
fate (SDS), 1-pentanol (PeOH) as a cosurfactant, and a small
amount of a mixture of p-xylene and nitro diluent (@ mixture
of 62% toluene, 15% butyl acetate, 15% ethyl acetate, 6%
n-butyl alcohol, 2% cellosolve acetate) was shown to be effec-
tive for paraloid B72 removal (Classical system; see Table 1).
Polar polymer resins such as poly(vinyl acetate), not soluble in
the oil mixture above-reported, were successfully removed by
using a four-component micellar solution with a high amount
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TABLE 1. Composition (% w/w) of Systems Used for Polymer
Removal from Wall Paintings®

(lassical Conegliano Mayapan
component  composition component composition ~ component  composition
water 86.2 water 69 water 733
SDS 39 SDS 51  SDS 37
1-PeOH 6.5 1-PeOH 39  1-PeOH 7
p-xylene 1.8 PC 22 PC 8

nitro diluent (ND) 1.6 ethyl acetate (EA) 8

9 Classical refers to the first o/w microemulsion formulated for paraloid B72
removal; the other formulations are named after the places where they were
used for the first time.

of propylene carbonate (PC), which replaced the nonpolar mix-
ture of xylene and nitro diluent (Conegliano system). Previ-
ous investigations have shown that PC acts as a cosurfactant
inducing a rod-to-sphere micelle transition reducing the size
and aggregation number of SDS micelles by increasing the
headgroup area.*®2°

The Conegliano system could also be used for paraloid
B72 removal since it favors the swelling of paraloid B72 films,
which can be then removed by mechanical action for a com-
plete cleaning of the surface.

Very often paraloid B72 and mowilith DM5 have been
used in mixtures or sequentially applied to wall paintings. An
ideal system should remove simultaneously both resins. A
major improvement in this direction has been recently
obtained by adding ethyl acetate (EA) to the Conegliano for-
mulation to obtain the Mayapan micelles, whose composi-
tion is reported in Table 1. The aromatic and aliphatic solvents
of the Classical formulation are replaced by less toxic solvents.
Pure ethyl acetate and propylene carbonate are known to
solubilize paraloid B72. They are partially water-soluble (EA
8% w/w, PC 20% w/w), but a saturated aqueous solution of
EA and PC provides only partial swelling of the polymer. The
addition of SDS and 1-PeOH either to the EA or PC aqueous
solutions provides a drastic improvement in the efficiency of
the removal process, due to the presence of micelles that pro-
vide the large interfacial area necessary for polymer uptake.
It is important to stress here that micellar solutions formed by
SDS or SDS/PeOH alone are practically ineffective in polymer
removal; therefore it is the synergistic action of the presence
of micelles and PC that causes the polymer removal. Even bet-
ter performance was obtained by adding simultaneously 8%
EA and 8% PC to aqueous SDS/1-PeOH micelles (Mayapan
system). This system allowed a complete cleaning of the sur-
faces treated with paraloid B72 in a few minutes. The Classi-
cal system is very efficient in removing acrylic polymers, but
the polymer removal is quite slow compared with the Maya-
pan micelles. This is probably due to the lower amount of



100

80

60 —

Amplitude

40

20

0 T T T 1
5 10 15 20
Diameter (nm)
FIGURE 2. Size distribution of the Mayapan micellar system
obtained from QELS.

1.4

I (a. u.)

Nanoscience for the Conservation of Cultural Heritage Giorgi et al.

organic solvents contained in the former leading to different
microstructural features of the system.

It is clear from the above examples that the design of effi-
cient formulations for the tailored removal of polymers
requires a deep comprehension of the solubilization mecha-
nisms, which can be more complex than traditional deter-
gency, due to the presence of partially water-soluble organic
solvents (cosolvents). To better understand the polymer
removal process, we performed swelling tests of polymer films
deposited in glass vials and detergency tests on paraloid films
on models of wall paintings.

Quasi-elastic light scattering (QELS) is an efficient and non-
invasive tool to characterize size and size distribution of com-
plex systems in the nanometer domain. Figure 2 shows that
the intensity weighted size distribution of Mayapan micelles is
centered around 4 nm with a relatively broad size distribu-
tion, while the average droplet diameter of the Classical sys-

—— Micellar bulk phase
—— Droplet of polymer + solvents

T T T
0.3 0.4 0.5

QA"

Conegliano Mayapan

FIGURE 3. Schematic representation (bottom panel) of the differences in the removal mechanisms of paraloid B72 performed by
Conegliano and Mayapan formulations. Conegliano system only swells the polymer layer, while the application of Mayapan micelles to a
paraloid B72-coated surface results in a liquid—liquid phase separation. SAXS spectra (upper panel) obtained after the application of
Mayapan micelles to a paraloid B72-coated surface. The more dense phase (green line) still contains micelles, while the upper phase (red

line) contains the polymer dissolved in a blend of EA/PC/PeOH.
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FIGURE 4. Schematic representation of the hypothesized
detergency mechanism of the Mayapan (upper panel) and Classical
(lower panel) systems. While in the first case the partially water-
soluble solvents (EA and PC) partition among the aqueous and the
micellar phase, in the second case, we have a “traditional”
microemulsion where the water-insoluble oil core is dispersed in
water by the presence of a surfactant film. The “naked” micelles
(SDS/PeOH) do not detatch paraloid B72 from the surfaces. In this
cartoon, the Mayapan micelles act as solvent carriers and quickly
mediate their interaction with the polymer, which “chooses” the
right amounts of solvents to undergo a swelling process. It is worth
noticing that the micelles of the Mayapan system, after the
interaction with paraloid B72, change about 10% in size, while the
microdroplets of the Classical system get sensibly smaller; for
microemulsions, the Kinetics is slower, due to the oil confinement in
the micellar core. After the interaction, the micelles decrease in size
because of the solvent release.

tem is about 17 nm with polydispersity of 25%, typical of a
common o/w microemulsion. The smaller micellar size,
together with the presence of specific organic solvents, results,
for a given surfactant content in a very high interfacial area
that is correlated to the Kinetics of the cleaning process.

The Conegliano “micelles” are characterized by very small
aggregates with a hydrodynamic diameter of about 2 nm?#2°
and refer to clusters formed by 7—10 SDS monomers and not
to conventional micelles. For the sake of clarity, we indicated
these clusters as “micelles”. Mayapan “micelles” are similar but
present a higher effectiveness toward polymer removal that is
nicely illustrated by the results of a semiquantitative test on
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FIGURE 5. Experimental cleaning test on model fresco paintings
treated with paraloid B72: (A) water/SDS/1-PeOH/(8%)EA; (B) water/
PC; (O) Classical system; (D) Conegliano system; (E) water/EA/PC; (F)
Mayapan system.

model systems that we used to compare the removal effi-
ciency of these two systems. Coating the bottom of two vials
with a known amount of paraloid B72 (whose thickness is
comparable to that spread on art handcraft) and putting the
film in contact with Conegliano and Mayapan micellar solu-
tions (see Figure 3, bottom), we found that the Conegliano
micelles are able to swell the polymer, but the swollen poly-
mer remains at the bottom of the vial. Mayapan micelles were
also able to swell the polymer but in addition a spontaneous
detaching of the polymer from the glass was observed with a
liquid—liquid phase separation in the micellar phase. This
behavior is ideal for polymer removal from artifacts.

In order to understand this mechanism, both phases have
been investigated with static and dynamic scattering techin-
iques. Figure 3 reports the SAXS spectra obtained from the
polymer-rich and the surfactant-rich phases. The less dense
phase contains the polymer and a mixture of H,O, PeOH, PC,
and EA solvents, enriched in the less polar components. The
more dense and abundant phase is still a micellar solution but
is depleted of the organic phase.

It is clear that the mixture of organic solvents, dispersed in
the aqueous medium thanks to the presence of micelles, guar-
antees specific interactions with the polymer (see Figure 4)
suggesting a mechanism where the Mayapan micelles work as
a carrier of solvents during the phase separation process that
is the final step of the cleaning procedure.

Figure 5 shows a brick with a 1 cm thick lime plaster layer,
painted with fresco technique, treated with paraloid B72. Visual



Nanoscience for the Conservation of Cultural Heritage Giorgi et al.

FIGURE 6. Mural painting sample treated, on the right side, with mowilith DM5 under glazing light (center), and SEM pictures of the

uncoated (left) and coated (right) surface.

FIGURE 8. Linen canvas glued with mowilith DMC2 for a relining
treatment. In the red box, the appearance of the treated area after
micellar solution application.

analysis of this model painting after cleaning showed a com-
plete recovery of the optical features of the surface in the area
treated with the Mayapan system (see Figure 5F). The Classical
and Conegliano systems gave slightly worse results, as is clearly
observable from the polymer residues still present in the treated
areas as shown in Figure 5, areas C and D, respectively.

As already mentioned, the Mayapan micelles are also
active for mowilith DM5 removal. Figures 6 and 7 repott illus-

trative examples of a fresco painting treated with the Maya-
pan system.

Confinement of Micellar Solutions and
Microemulsions in Chemical Gels

Microemulsions and micellar solutions are usually applied
over a painted surface by using cellulose-pulp compresses or
physical gels soaked with them.2® In many cases, as in the
case of canvas or wood painting cleaning, a more controlled
release of the microemulsion is required to avoid the swell-
ing of inorganic and organic binding materials by water, that
is, the most abundant component in an oil in water
microemulsion.

The advantage of using gels resides in the “easy” manip-
ulation, the possibility of microemulsion and micellar solu-
tion confinement into the gel network, and the possibility to
make them responsive to external stimuli (i.e., pH, magnetic
fields, temperature, light).3' 3>

Gel structure may result from formation of relatively
weak physical bonds (i.e., hydrogen bonds or van der Waals
interactions) or covalent chemical bonds; both can be
responsible for the cross-linking of particles or polymer
chains to create the gelled state. In the first case, we refer
to a physical gel, in the second to a chemical gel.
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Among the large number of polymers that can be used for
gelation, cellulose derivatives, polyacrylic acids, and
polyamines are the most used in the field of conservation sci-
ence. Unfortunately, these physical gels present some difficul-
ties in their removal and may release residues on the surface
of the work of art after the application. Besides, the gels’ mesh
size is difficult to control during gelation.3®3”

Chemical gels are characterized by stronger interactions in
the gel molecular network. This type of gel behaves like a soft
solid, and the mesh size is tunable by controlling the cross-
linking during the polymerization reaction.

Chemical gels, based on an acrylamide/bis-acrylamide net-
work and PEG or silane cross-linkers, loaded with the deter-
gent solutions have been recently synthesized and applied to
Conservation.''3®

The microemulsion release or uptake can be modulated by
controlling the gel mesh size or applying a stimulus. In a pre-
vious paper,®® it was shown by SAXS that a microemulsion
retains its structure when loaded into the gel. The uptake/
release capability of the gel was quantified by analysis of
hydration/dehydration curves. Microemulsion-loaded gel was
shown to be effective for the removal of paraloid B72 from
limestone and wall paintings.

Cleaning tests on canvases, previously treated with adhe-
sives (i.e., mowilith DMC2 (vinylacetate/dibutylmaleate copol-
ymers) and acrylate/methacrylate copolymers) that are
normally used for the relining of canvas paintings, have been
performed with a chemical gel, tailored in order to have good
water retention. The gel was loaded with the Mayapan sys-
tem specifically developed for the swelling and the removal of
acrylate/methacrylate and vinylacetate/butylacrylate copoly-
mers. After a 2-hour application, the capillary sorption of water
through the ground and paint layer was restricted to the con-
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FIGURE 9. Wall paintings from Mayan Classic period in Calakmul (Mexico). Calcium hydroxide nanoparticles were used for consolidation.

tact area of gel over the canvas. The swollen polymers were
partly removed by the gel, and the complete cleaning was
accomplished by gentle mechanical action with a blade (see
Figure 8).3°

Inorganic Nanoparticles for the
Consolidation of Wall Paintings

Very often the cleaning process (particularly for wall paint-
ings) cannot be completely performed without a concomitant
consolidation of the painted layer. Consolidation is often
forced by the degradation of the painted layer enhanced by
the polymer, as occurs in Mexico where the unfavorable cli-
mate conditions*®4" increase the rates of polymer degrada-
tion generating severe flaking of surfaces and paint
detachments in a very short time.

Consolidation of wall paintings and limestone by using
compatible material is now achieved by using calcium hydrox-
ide nanoparticle dispersions that are completely compatible
with the original material constituting the works of art. They
present increased reactivity and dramatically different trans-
port properties in porous media.** The high surface area of
nanoparticles influences their chemical reactivity, producing
just few days after the application a consistent consolidation
of the treated surfaces, due to the reaction of hydroxide with
CO, from the air to give crystalline calcium carbonate (cal-
cite). These positive effects are particularly important in arche-
ological sites where the conservation in situ usually requires
an immediate intervention after discovery.

Nanoparticles have been used in several restoration work-
shops in Europe and are extensively used in Mexico for the in
situ consolidation of paintings (see Figure 9) and limestone in
“La Antigua Ciudad Maya de Calakmul”, a UNESCO World Her-
itage Site since 2002 (Campeche, Mexico).**>** Nanoparticles



of calcium and barium hydroxide have been used in Calak-
mul for in situ consolidation of the wall paintings (from the
Classic period (600—700 AD)) discovered during the excava-
tions from 2004 to 2008 in the Structure | of the Acropolis
Chik Naab. Figure 9 reports an image of one of the main
buildings in the Calakmul area, and some parts of the mural
paintings were consolidated by using calcium hydroxide
nanoparticles.

The use of hydroxide nanopatrticles is not restricted to con-
solidation of wall paintings but can be used to control the pH
in cellulosic material (paper) or wood to avoid the catalytic
cleavage of the g-glycosidic bond or the Fenton reaction usu-
ally occurring in the presence of transition metal ions, open-
ing new perspective in the conservation of an enormous
number of documents and artifacts.®”

Conclusions and Outlook

Conservation science has matured using plenty of method-
ological tools borrowed from nanoscience. Soft matter, sur-
face science, detergency, and polymer and organic chemistry
contribute to this new branch of science. Micelles, microemul-
sions, and nanoparticle systems are valuable systems for the
optimal conservation of artifacts. These systems have many
avenues for additional improvements at the hands of
researchers.

Improvements of these technologies will be possible
through accurate investigations aiming at the knowledge of
the following:

o extraction capability and transport mechanisms in micro-
emulsions and micellar solutions

o transport mechanisms and structure of the physical and
chemical gels

« extraction capability and transport mechanisms of confined
microemulsion and micellar systems

« synthesis of new organic and inorganic nanoparticles and
nano- or microcontainers for repairing or self-repairing

These new smart materials add a new palette to the “clas-
sical” methodologies for the “cleaning” of works of art. Para-
phrasing a well-known sentence we could say that “there is
plenty of room” for nanoscience in Conservation.
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“Proyecto Arqueologico Calakmul”-Mexico), Diana Magaloni
(UNAM-Mexico and director of the Museo Nacional de Antropo-
logia), Maria Del Carmen Castro and Yareli Jaidar Benavides
(CNCPC-Mexico), and Claudia Garcia Solis, Conservator of the
“Proyecto Arqueologico Mayapan” (Mexico) for experiments in
situ. Financial support from CSGI and Bilateral project Italy-
Mexico is acknowledged.
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