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ABSTRACT

Paraloid B72™ acrylic varnish has been used in the conservation of cultural properties since 1950’s. With a Tg close
to 40 °C, some substances can be adsorbed onto varnished surfaces. There are several methods for cleaning works of
art, each with its own specificities. This article presents a new alternative method. The cellulose/SBA-15 adsorbent
sheets act as containers for the cleaning material, allowing it to act on the surface of the pictorial layer, dissolving and
adsorbing unwanted material from the painting, without causing problems such as penetration, paint abrasion, residues,
etc. They were tested on original paintings and on a mimetic. The raw materials, artwork, mimetic, and adsorbent
sheets, before and after application, were characterized by TG/DTG and DTA; FTIR; XRF; surface digital microscopy
and stereoscopy. FTIR characterized the raw materials and adsorbent sheets. The thermal behavior of the raw materials
and adsorbent sheets, before and after application, were evaluated by TG/DTG and DTA. The evaluation of the works,
the mimetic and the adsorption sheets, before and after application, by XRF showed that there was no damage to the
originals and the mimetic. The cellulose sheet/SBA-15 as an adsorbent for B72™ in cleaning works of art, using solvent,
proved to be effective.
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RESUMO

O verniz acrilico Paraloid B72™ é utilizado na conservagao de bens culturais desde 1950. Com Tg préxima a 40 °C,
algumas substancias podem ficar adsorvidas em superficies envernizadas. Existem varios métodos de limpeza de obras
de arte, cada um com suas especificidades. Este artigo apresenta um novo método alternativo. As folhas adsorventes de
celulose/SBA-15, atuam como contentoras do material de limpeza, permitindo que o mesmo atue sobre a superficie da
camada pictérica, dissolvendo e adsorvendo da pintura o material indesejado, sem causar problemas como penetragao,
abrasdo da pintura, residuos, etc. Elas foram testadas em pinturas originais e em um mimético. As matérias-primas,
as obras de arte, o mimético e as folhas adsorventes, antes e apds aplicacdo, foram caracterizados por TG/DTG e
DTA; FTIR; XRF; microscopia digital de superficie e estereoscopia. O FTIR caracterizou as matérias-primas e as
folhas adsorventes. O comportamento térmico das matérias-primas e das folhas adsorventes, antes e apds aplicacdo, foi
avaliado por TG/DTG e DTA. A avaliagdo das obras, do mimético e das folhas de adsorcdo, antes e apés aplicacdo,
por XRF mostrou que ndo houve danos aos originais e ao mimético. A folha de celulose/SBA-15 como adsorvente do
B72™ na limpeza de obras de arte, utilizando solvente, mostrou-se eficaz.

palavras-chave restauracdo de obras de arte, adsorvente, silica mesoporosa ordenada, folhas de celulose/sba-15,
ciéncia da conservacao
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Introduction mee————————

This work presents an adsorption sheet of cellulose and
mesoporous silica SBA-15 (Santa Barbara Amorphous-
15) for cleaning polychrome surfaces in works of art as an
alternative to existing methods. This sheet has been tested
to remove B72 varnish (Paraloid B72™). B72 acrylic resin
is a thermoplastic material that acts as a good adhesive-
forming clear, and flexible films and has been used in the
conservation and restoration of cultural properties since the
1950s for various purposes, including as a final protective
varnish. The B72 resin has a glass transition temperature
(T}) close to 40 °C.

With the increase in global temperature in recent years,
some substances can become adsorbed on the surface of
pictorial layers varnished with this material, making it
necessary to remove them. Traditional cleaning (cotton
swab and solvents) can cause damage (solvent penetration,
abrasion, etc.) to the artwork (Masschelein-Kleiner, 2004).
Cleaning using aqueous methods (gels and emulsions) can
leave residues that interact with the original materials (R.
Wolbers, 1994, 2000; R. C. Wolbers, 1990). The use of
rigid gels associated with standard pre-formulated clean-
ing solutions or emulsions (Bonini et al., 2007) does not
solve all cases. Each work of art is unique because of the
materials and construction process used by the artist, its
history, and the conditions under which it was conserved.

During the creative process, the artist has complete
freedom in choosing and using materials. Therefore, the
cleaning process of a polychrome surface in a work of art
must be studied and defined for each case. The adsorption
sheet proposed here must reach the entire surface of the
painting layer, accommodating its morphology, dissolving,
and removing the protective layer and/or adsorbed pollu-
tants acting as a compress through solvents, solutions, and
chelators, among others, without the mechanical process
of abrasion and without leaving residues because it is a
sheet. The prepared sheets were used on original paint-
ings from different techniques and eras and works made
for study, which were varnished with Paraloid B72™ to
verify its effectiveness. The raw materials, artwork, and
adsorbent sheets, before and after application, were charac-
terized using physical-chemical and analytical techniques.
This material is unique and innovative. It has not been
prepared, tested, or described before and is protected by
patent BR 10 2015 013561-0 B1.

Materials and methods m—

SBA-15 silica, with a highly ordered hexagonal porous
structure, due to its large surface area and adequate pore
volume, is an excellent material for adsorbing cleaning

products, keeping them on the surface and avoiding ma-
jor complications arising from interaction with the work,
such as penetration and retention of these materials, or
interactions of any residues with the original.

Materials

For the synthesis of SBA-15: P123 (EO2-PO7-EO4),
Triblock Copolymer (Pluronic) [poly(ethylene oxide) —
poly(propylene oxide) — poly(ethylene oxide)] (BASF);
TEOS (CgH2004Si), Tetraethyl orthosilicate (Aldrich);
HCI (Merck); N5 and synthetic air (Oxilumen); filter paper
(Prolab), were used.

To check the adsorption capacity of the silica: 20 and
50 mL glassware with lids (Supplier Pack Rio); solvents:
n-hexane, dimethylformamide (DMF), water, or xylene
(Anidrol supplier).

To obtain cellulose fibers: Pinus elliotti dry pulp
(Suzano Papel e Celulose Group).

To prepare the adsorption sheets: 20-liter bathtub
(Plastitécnica); Mold (form and counter-form); Mechan-
ical mixer (Quimis); Analytical balance (A. Scientific);
CHUBBY GA2400 high-frequency generator (Manufac-
turer Thornton); Ultra Torex Poly Tron PE2007 disperser
(Kinematica A.G. Dispense and Mixing Technology);
Beakers of various sizes (Anidrol).

To check the behavior of B72: Polyester film (25 mi-
crons thick); Paraloid B72™ Resin, Nikon Microscopic
Binocular Magnifier.

To check the effectiveness of the sheet: four original
paintings and a collage.

Methods
Synthesis of mesoporous silica SBA-15

The synthesis and characterization of mesoporous silica
SBA-15 were performed at the LATIG - Prof. Doctor Ivo
Giolito Thermal Analysis Laboratory, according to Matos
et al. (2001), with small modifications.

As a general procedure, the surfactant P123 was dis-
persed in aqueous hydrochloric acid solution deionized
water and in hydrochloric acid medium under mechanical
agitation until a homogeneous dispersion was obtained.
P123 acts as a template or structure guide for obtaining
SBA-15. After total dispersion of the P123 copolymer,
the silica precursor TEOS was added under stirring for
at least 5 minutes. The reaction mixture was then trans-
ferred to a Teflon flask, which was hermetically closed,
placed in an oven at 100 °C, and kept for 48 hours. Un-
der these conditions, the reaction mixture is subjected to
hydrothermal treatment under autogenous pressure (self-
generated) and then precipitation and polycondensation
of the silica in a hexagonal structure templated by the
surfactant occurs.

Semin., Ciénc. Exatas Tecnol. 2023, v.44: e47967



Synthesis and Use of Cellulose/SBA-15 Adsorbent Sheet for Cleaning Polychrome Surfaces on Works of Art

After hydrothermal treatment and cooling, the Teflon
flask is opened to remove the reaction product in the form
of a gel. This gel is dispersed in deionized water, and the
material is subjected to filtration under reduced pressure
and thoroughly washed with deionized water.

After filtration, After filtration, the SBA-15 silica as
synthesized (SBA-15/as) was dried at 100 °C in an oven.
Then, the SBA-15/as is subjected to calcination under a
dynamic Ny atmosphere up to 540 °C for 2 hours. At this
temperature, the atmosphere is switched to synthetic air
and maintained at 540 °C for about 6 hours to complete
the calcination process. Calcined Silica SBA-15 is a very
light, fine, white powder. This is the material to be mixed
with the cellulose pulp to obtain the sheets.

Nitrogen adsorption/desorption measurements were per-
formed using a Micromeritics adsorption analyzer (model
ASAP 2020). The calcined SBA-15 sample was degassed
under reduced pressure at a temperature of 200 °C before
measurement.

The isotherm was recorded at 77K over a relative pres-
sure range of 1076 to 0.995 using N, with 99.998% pu-
rity. The specific surface area was evaluated by using the
Brunauer—Emmett-Teller (BET) method (Rouquerol et
al., 1994) from the desorption data in the relative pressure
range (P/Py) from 0.04 to 0.20. The pore volume was
calculated from the amount adsorbed at a relative pressure
of 0.99. The pore size distribution was calculated using
the Barrett-Joyner-Halenda (BJH) method (Barrett et al.,
1951) from the desorption curve data.

Verification of the adsorption capacity of silica

in different solvents

To verify the adsorption capacity of calcined SBA-15 in
relation to different solvents, the following methodologies
were used: system with thermal treatment (with TT) and
system without thermal treatment (without TT).

In the system without TT, SBA-15 was placed inside
open glasses, which in turn were placed inside other larger
glasses with lids, each containing one of the following
solvents: n-hexane, dimethylformamide (DMF), water, or
xylene at a level below the height of the glass containing
silica. Each set was closed and kept at rest for 24 h. All
components were weighed, and the silica from each experi-
ment, after adsorption, was subjected to thermogravimetric
measurements.

In the TT system, the silica was kept in an oven at
100 °C for 90 minutes to eliminate physisorbed water or
any other volatile substance from the surface of the silica.
After this treatment, the opened flasks were kept under sat-
urated atmospheres of the same solvents described above
for 48 h. In this case, the materials after adsorption were
also subjected to thermogravimetric measurements.

Formation of adsorption sheets with cellulosic

fibers and SBA-15 silica

The adsorption sheets for removing the B72 varnish ap-
plied on works of art were obtained using the methodology
used in the manufacture of handmade paper (Asuncioén,
2002).

The previously weighed cellulose fibers were sub-
merged in 1.5 L of deionized water for 24 h for hydration.
The wet paste (water + fibers) was mechanically agitated
for 15 minutes. While stirring, the adhesive was added.
The entire mixture (water + fibers + adhesive) was placed
in a bathtub, and deionized water was added until a volume
of 15 L was reached. The suspension was manually stirred
with the aid of a wooden spatula.

In parallel, the previously weighed dry SBA-15 silica
was placed in a 25-mL container containing deionized
water. The mixture (silica + water) was placed in the
high-frequency generator device and then in the Ultra
Torex device for total disaggregation of the particles. This
mixture was added to the bathtub containing the fibers
and adhesive. The suspension was again stirred manually
using a wooden spatula.

For the formation of sheets, the material in aqueous
dispersion was collected with a mold for handmade paper
composed of two parts: form and counter-form.

Several concentrations of fibers in water were used
to form the sheets, which resulted in sheets with differ-
ent weights; however, the best result was obtained with
the one containing 1 % of fibers in water. Similarly, the
ratio of adhesive to collage was varied. The one that pre-
sented the best result had 2% of adhesive in water. The
concentration of fibers in water to form the film and the
height of the counter form determine its thickness and
grammage after drying, just as the concentration of ad-
hesive in the paste determines its permeability and water
resistance.

The proportion of silica in relation to the number of
cellulose fibers also varied. Tests were performed with
0,1, 2,5, 10, 20, 30 and 50%. The best result was obtained
for the material with 50% of the mass of the fibers in
the paste. The silica-free film was used for reference,
comparison of results, and verification of the effectiveness
of the method.

Characterization of samples by thermal

analysis (TA)

The thermogravimetry (TG), differential thermal gravime-
try (DTG), differential thermal analysis (DTA) curves
were obtained using the simultaneous TG/DTA system
(named by Shimadzu as DTG-50), under dynamic air
atmosphere (50 mL/min), heating rate of 10 °C/min,
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and platinum crucible containing approximately 15 mg
of sample.

Characterization by Fourier transform infrared

spectroscopy (FTIR)

The absorption spectra in the infrared region of the samples
were obtained using Perkin Elmer-Frontier equipment in
the region of 4000 to 400 cm~!.

Original paintings and a collage mockup ===

To prove the effectiveness of adsorption sheets incorpo-
rated with SBA-15 silica in removing Paraloid B72™
varnish on pictorial layers, four original easel paintings
from different eras made with different materials and tech-
niques by different artists were used: “Madonna with
Child” oil painting on canvas, by unknown painter, 19"
century (MdOT); “Madonna with Child”, oil painting
on metal, by unknown painter, 19" century (MdOM);
“Psychedelic Fish” (tempera painting on canvas, painter
Francisco da Silva, 1973 (PxLT); “Landscape with Beach”
(acrylic painting on Eucatex; a high density fiberboard,
painter Guiga, 1990 (PrRE). Over each one, a thick layer
of Paraloid B72™ varnish was applied in a stripe shape.

A collage with butterfly wings was mimicked. Four
wings of a dead butterfly found in Horto Florestal in Sao
Paulo were glued onto a 9.5 cm x 9.5 cm tile. With two
facing up and two facing down, we refer to this work as:
“Butterfly Wings”, mixed technique with collage, made
by author Marcia Rizzo, 2014 (AbGZ). Several layers of
Paraloid B72™ were applied to the set with a low-pressure
compressor so as not to damage the work.

Another collage mockup was made for exposure to the
environment and verification of the behavior regarding the
adsorption of pollutants. A layer of Paraloid B72™
applied over a polyester film that was exposed in an open
environment, but covered for 4 months, in the summer, in
the city of Sdo Paulo/Brazil.

was

Application of adsorption sheets to remove
Paraloid B72™ varnish from artworks and

collages

The behavior of the sheets was tested on original works
of art, making the study very reliable.

To test the efficiency of the sheet, the four paintings
and the butterfly wing artwork were pre-characterized with
X-ray fluorescence using Brucker’s portable TRACER III
SD equipment. This procedure was used to ensure that no
pigment would be improperly removed from the work with
the application of the film. Likewise, the sheets before and
after use were characterized.

Then, the reference film without silica, and the sheets
with different proportions of silica, were cut into rectangles

of approximately 3.0 cm x 0.5 cm. These samples were
placed dry on on the surface of the pictorial layer with
Paraloid B72™ varnish applied and 4 drops of solvent
were deposited on each of them. The solvent chosen was
xylene, which solubilizes Paraloid B72™, and does not
affect the artworks neither the collage mockup. On the
other hand, ordered mesoporous silica SBA-15 has a high
affinity for the adsorption of aromatic hydrocarbons.

Fourier transform infrared spectra of Paraloid B72™,
pure adsorption film and adsorption film used to remove
Paraloid B72™ were also recorded.

Observation under microscopic binocular

loupe

The polyester film coated with Paraloid B72™, which
was exposed for 4 months, was observed with a Nikon
microscopic binocular loupe, with an increase of 80 x to
verify the adsorption of particles.

Results and discussion m———

The characterization of the raw materials, the sheets with
and without silica, before and after the application on the
artworks and on the collage mockup; and also the artworks
and the collage mockup before and after the application
of the sheets was carried out.

Thermal analysis (TA)

Figure 1 illustrates the TG/DTG and DTA curves of the
pure Paraloid B72™ sample (B72). The TG/DTG curves
show that the sample is thermally stable up to about 238 °C
and decomposes in two main stages, between 238 and
600 °C. The first stage occurs in the range of 238 to 428 °C,
(Am; =61.96 % and Tpeqr prc = 329 °C). The second
stage occurs between 428 and 600 °C (Amy = 33.96 %
and Tpeqr prc = 370 °C) and is due to the completion
of thermal decomposition. At a temperature of 600 °C,
as expected because it is organic matter, the mass loss is
complete.

In Figure 1, the DTA curve shows a baseline variation
between 25 and 60 °C, observed when expanding this
temperature range, which is characteristic of the glass tran-
sition of the material (7}), which appears in the material
specification data as 40 °C.

To measure the T, of the Paraloid used in this study,
two subsequent heatings were performed on the sample,
as illustrated in Figure 2. The first step was to eliminate
the thermal history of the material and the second heating
to determine the 7}, according to the recommendations of
the standard (American Society for Testing and Materials,
2012) and the literature (Schilling, 1989).
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Figure 1 - TG/DTG and DTA curves obtained at 10 °C/min
under a dynamic air atmosphere (50 mL/min) of the
sample B72.
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Figure 2 - DTA curve obtained at 10 °C/min under a
dynamic air atmosphere (50 mL/min) in the range of the
glass transition temperature (1% and 2" heating) of sample
B72.
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AT, value of 39.2 °C was found, see Figure 2. This T,
result shows softening of the material from 39 °C onwards,
however, the TG/DTG curves show mass loss only above
200 °C. The DTA curve did not show a melting peak of
the material, but a visual comparison of an isolated sample
before and after heating to 300 °C confirmed that the
material underwent a melting process at the beginning of
the thermal decomposition step.

As also observed in the TG/DTG curves, the DTA
curve shows that the thermal decomposition process of
the sample starts around 238 °C and occurs in four main
stages. The first step is exothermic and occurs with two su-
perimposed events (T,¢qr = 248 and 285 °C). The second
event is endothermic and occurs between 310 and 360 °C
with Tpeqr pra at 347 °C. The third event is exothermic
and occurs between 360 °C and 416 °C, with principal
Tpeak DA at 390 °C. The fourth event is also exothermic
and occurs between 416 and 520 °C, with Tpeqr pTa at
483 °C.

The softening of the material close to room temperature,

2™ s not

especially in Brazil, indicates that Paraloid B7
suitable for use as a final protective layer on works of
art. Figure 3 illustrates a thick layer of Paraloid that was

applied over a polyester film and exposed in an open but

covered area in Sdo Paulo/Brazil in the south zone for four
months.

Figure 3 - Paraloid B72™ applied on a polyester film
and exposed in a covered external area for 4 months in the
summer in Sdo Paulo/Brazil to verify the adsorption of pol-
lutant particles: (a) film photography; (b) film photography
at 80 x magnification.

(a) (b)

The enlargement of a detail in Figure 3(a) is illustrated
in Figure 3(b). The particles suspended in the air, result-
ing from pollution, adhered to the surface of the Paraloid
B72™ film. As can be inferred, the same occurs with
works of art in which Paraloid was used as the final pro-
tective varnish. The air we breathe is full of particulate
matter of different dimensions, which depending on size
and density remain suspended for a longer or shorter time,
depending on the atmospheric conditions.

Figure 4 illustrates the overlapping of the TG and
DTG curves of the pure SBA-15 silica samples and this
silica without thermal treatment, as used in everyday
life, but saturated with different solvents for 24 hours [n-
hexane (n-H), water (H20), dimethylformamide (DMF),
and xylene(X)].

In Figure 4, the TG/DTG curves show that for these
samples, there was a greater adsorption of H>O, followed
by X, DMF, and n-H. This can be seen from the mass losses
that occurred, respectively: 32.30%, 28.62%, 27.10%, and
12.75% due to the release of adsorbed solvents. In the case
of the n-H sample, the mass loss was smaller than that ob-
served for pure silica. This is because n-H has a high vapor
pressure (200 mm Hg at 31.6 °C — product specification
sheet), i.e, it is a very volatile substance, evaporating com-
pletely in the weighing process, even before the sample is
placed in the thermobalance sample holder.

Pure silica, in turn, adsorbs about 10% of its mass in
ambient water. On the other hand, it was observed that
the elimination of DMF from the porous silica matrix
occurred more slowly and at higher temperatures com-
pared with other solvents. This evidence serves as an
alert to the harmful effects of the use of solvents in the
traditional method of cleaning polychrome surfaces such
as paints, particularly, dimethylformamide (DMF) and
xylene(X).
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Figure 4 - Superimposition of TG and DTG curves obtained at 10 °C/min under a dynamic N, atmosphere (20 mL/min)
of SBA-15 samples without TT saturated with different solvents.
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The polychrome surfaces of easel paintings, especially
old ones, behave like porous bodies (Masschelein-Kleiner,
2004), and can be compared to silica in this study. In the
traditional method of cleaning works of art, which uses
a cotton swab moistened with the solvent, the solvent
penetrates into the porous pictorial layer, which, as the
experiment demonstrates, can be retained in the work due
to the difficulty of evaporation.

Some scientists have studied the evaporation and re-
tention of solvents in restoration processes using marked
molecules (Baij et al., 2020; Dauchot-Dehon, 1975;
Masschelein-Kleiner & Deneyer, 1981; Phenix et al.,
2020). Others preferred the gravimetric method using
a balance, where tests were performed by deposition of
a known amount of solvent on a paint fragment with a
standard surface (Masschelein-Kleiner, 2004). The results
of these measurements indicated that most solvents evap-
orate in two stages, a fast one, followed by a slower one,
where the solvent remains gradually evaporated, in the
same way as was observed in the present study with silica,
since both the polychrome surfaces of frames and silica
are porous bodies.

Among the solvents used in this study to evaluate ad-
sorption on silica, DMF is the most penetrating and is
eliminated at a higher temperature. With the use of film,
the solvent does not penetrate the porous body of the pic-
torial layer; it acts only on the surface, dissolving and
carrying the varnish that one wants to remove; therefore,
among others, there is no problem of

Figure 5 illustrates the overlap of the TG, DTG and
DTA curves of the samples, where:

a) B72 film, black color;

b) film formed by vegetable cellulose (V) from the Pi-
nus elliotti plant (P), at a concentration of 1% in
water (1), bonded with Celvol 107® polyvinyl alco-

hol adhesive (A), at a concentration of 2% in water
(2), with 50% silica in relation to the mass of fibers
incorporated in the paste CVP(1)A(2)[SAB15(50)],
in blue color;
c) of the same film after being used to remove the
Paraloid B72 from the MdOT work, therefore with

the impregnated resin, in red color.

It can be seen from the overlapping of the TG curves
in Figure 5 that the film CVP(1)A(2)[SAB15(50)]+B72,
comparatively, gathered the thermal characteristics of the
other two samples, since it is the impregnation of B72 var-
nish on CVP(1)A(2)[SAB15(50)]. The TG/DTG curves
showed a mass loss of 4.04% between 25 and 150 °C,
which corresponds to the elimination of physiosorbed
water, which is practically half the value of mass loss
found for the pure film (7.58%), since the pure Paraloid
does not present mass loss in this temperature range.
The film is thermally stable between temperatures of 150
and 262 °C and decomposes in two main stages between
262 and 550 °C. The first step occurs between 262 and
400 °C (Amy = 71.24% and Tpeq prc = 333 °C), and
the second between 400 and 550 °C (Amsy = 9.24% and
Tpeak DTG = 447 °C).

At a temperature of 600 °C, the percentage of
15.5%, which corresponds to the
silica content in the film. The DTA curve of the
CVP(1)A(2)[SAB15(50)]+B72 film corresponds to the
sum of the thermal events observed in the DTA curve
of the Paraloid sample and the DTA curve of the film
without this resin. This result leaves no doubt that the

residues was

Paraloid was removed from the pictorial layer with the aid
of the solvent, and was therefore impregnated in the film.
The absence of other thermal events indicates that the
solvent has completely evaporated after the dissolution of
the Paraloid and its impregnation on the film.
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Figure 5 - Superimposition of the TG, DTG and DTA curves obtained at 10 °C/min under a dynamic air atmosphere
(50 mL/min) of the samples: B72, CVP(1)A(2)[SBA-15(50)]+B72, and CVP(1)A(2)[SBA-15(50)].
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Nitrogen adsorption/desorption isotherm

The nitrogen adsorption/desorption isotherm and the pore
size distribution curve of the mesoporous silica sample
used in this work, synthesized in LATIG according to the
TUPAC classification, have the profile of type IV meso-
porous samples, with class 1 hysteresis (H1). Data pro-
cessing indicated that the sample had a surface area (Sggt)
of 821 m?-g~!, pore volume (Vpr) of 1.20 cm®-g~!, and
average pore diameter ((Jp) of 10.2 nm. These results are
coherent for SBA-15-type silica, which is a good adsor-
bent, and it is also possible to highlight the narrow pore
size distribution, between 9 and 13 nm of this material.
These characteristics are similar to those of the SBA-
15 sample reported by Matos et al. (2001), but with a
higher Sggr.

Infrared Spectroscopy (FTIR)

Figure 6 illustrates the overlap of the infrared absorption
spectra of the samples:

a) B72;

b) CVP(1)A(2)[SBA-15(50)]+B72;

c¢) CVP(1)A(2)[SBA-15(50)] for better
ization and comparison. The spectrum of the
CVP(1)A(2)[SBA-15(50)] film, blue line, after
being used to remove Paraloid B72™ varnish from

the MdOT work, shows the characteristic absorption
bands of the film and the varnish.

visual-

The intense peak at 1721 cm~! (C = O bond stretching)
is characteristic of Paraloid B72™,

The bands in the region between 3333 and 2917 cm !
refer to the vibrational stretching modes of the O—H group
of cellulose, which, in addition to the presence of this
group in the sample, can refer to the presence of water
adsorbed from the environment.

The characteristic absorption bands of SBA-15 silica
are also observed, for example at: 1085 cm™! (asym-

metric stretching of the Si-O-Si bond and those referring
to CVP samples and those observed between 1480 and
1300 cm~*.

Figure 6 - Overlapping absorption spectra in the infrared
region of the samples: CVP(1)A(2)[SBA-15(50)]; B72
and CVP(1)A(2)[SBA-15(50)]+B72.

CV(1)A(2)[SBA-15(50)]

Transmitance (a.u.)

CV(1)A(2)[SBA-15(50)] + B72

4000 3500 3000 2500 2000 41500 4000 500
Wavenumber (cm™')

X-ray fluorescence (XRF)

The purpose of carrying out these measurements was to
verify that the film only removed B72; that is, no pigment
was removed with the varnish. For this purpose, the pig-
ments present in all artworks and the constituent elements
of the AbGZ work were characterized. As well as the areas
where the cleaning sheets were applied, before and after
application.

Figure 7 illustrates the superimposition of the sample
spectra of the film CVP(1)A(2)[SBA-15(50)] after it was
applied to the skin of Baby Jesus in the work MdOT
(skin with pigments containing Ca, Fe, Zn, Hg and Pb)
for removal of B72 and the spectrum from the same point
before application. The comparison between the spectra
leaves no doubt that there was no removal of any inorganic
material in the work.
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Figure 7 - Superimposition of energy dispersion X-ray fluorescence spectra, made with Bruker’s TRACER III SD
portable equipment of a spot on the skin of Baby Jesus, in green, and of the film used to remove the B72 varnish on that
same spot (work MdOT), in red. Measurement conditions: 40 kV, 3 pA, 60 sec.
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The results of the “blanks” (without sample), made
with 15 kV of energy and current of 3 pA, and, 40 kV
of energy and current of 20 pA, the following elements
were encountered: Ar (from the air), Rh (from the tube
X-ray tube), Ni (metal used in the X-ray tube), Sn (from
the solder), Cu, Zn, Fe (there are traces of these elements
in the Al alloy present in the device), Ti (from the vacuum
window), and Pb (from the sample holder).

Organoleptic observation (reflected light) ===

Figures 8 to 11 illustrate the three original paintings and
the collage mockup after the application of sheets with

and without silica to remove the Paraloid B72™ varnish.

Figure 8 - Details of MdOT"’s: (a) work after application
of sheets with silica (II) and (IIT), and without silica (III);
(b) film removal without silica (IV).

(b)

Figure 9 - Details of MdOT: (a) work after application
of sheets with silica (II) and (IIT), and without silica (III);
(b) film removal without silica (IV).

(b)

Figure 10 - Detail of PxRT: (a) work after application of
sheets with silica (II) and (III), and without silica (III);
(b) film removal without silica (IV).

Figure 11 - Detail of PxRT: (a) work after application of
sheets with silica (II) and (III), and without silica (III);
(b) film removal without silica (IV)

(b)

It can be seen in Figures 8(a), 9(a), 10(a), and 11(a)
that the film with silica (II) and (IIT) perfectly removed
the varnish without damaging the works, while the film
without silica remained adhered to them (I). Attempting
to remove them could damage the pictorial layers, as can
be seen at point (IV) in Figures 8(b), 9(b), 10(b), and
11(b). The original paintings were not damaged during
this experience. The sheet adhered could be removed by
solvents.

Figure 12 depicts the representative scheme of the ac-
tion of sheet CVP(1)A(2)[SBA-15(50)] in the removal of
B72 from pictorial layers: (I) support, (II) pictorial layer
without varnish, (III) B72, (IV) CVP(1)A(2)[SBA-15(50)],
and (V) X.
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Figure 12 - Representative scheme of the action of sheet CVP(1)A(2)[SBA-15(50)] in the removal of B72 from pictorial

layers: (a)-(g) describes the seven steps of the process.
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Figures 12(a)-(g) illustrate the action scheme of the
cellulose film incorporated with silica in the removal of
B72, depicting a process describable in seven steps:

(a) represents the pictorial layer of a painting with
Paraloid B72™ applied;

(b) cellulose film incorporated with silica is placed on
the workpiece;

(c) the xylene solvent is dripped onto the film that is
already in contact with the work;

(d) the varnish is then solubilized by coming into contact
with the film soaked in xylene;

(e) the Paraloid B72 solution with xylene is adsorbed
by the silica film due to its excellent adsorbent char-
acteristics, leading to migration from the pictorial
layer to the film

(f) impregnation by the solution (varnish + solvent) of
the painting, in which the solvent evaporates from the
film and leaves only the varnish that was previously
in the pictorial layer;

(g) the painting remains with its original varnish, with-
out any damage as there was no friction, pressure,
or penetration of the solvent into the structure of the
work.
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Conclusions

The use of a film containing ordered mesoporous silica
(SBA-15) incorporated generated excellent results regard-
ing the removal of the Paraloid B72™ varnish applied
on works of art without damaging the underlying layers.
The sheet soaked in the chosen solvent (xylene) acted on
the surface of the different original artworks and collage
mockup, dissolving and removing the varnish by adsorp-
tion, without causing abrasion to the paintings or damage
to the butterfly wing; and, without penetrating the porous
bodies of the works or causing various problems, such as,
for example, retention or lifting of scales and/or elimina-
tion of low molecular weight molecules, formed in the
aging process of the paintings, through the diffusion and
dialysis of the solvent .

The sheet was able to carry a large amount of solvent
and keep it on the surface of the work, at the sheet/work
interface, adsorbed on the silica, letting it act slowly on
the varnish, dissolving it due to the similarity in the solu-
bility parameters of the solvent and solute, without, how-
ever, soaking the work. After dissolution of the varnish
at the work/sheet interface, when the remainder of the
solvent, which was adsorbed on the sheet, begins to evap-
orate, and leave the sheet, the solution (varnish + xylene)
is transferred to the body of the sheet by silica by ad-
sorption. In the third step, the solvent in the solution
is evaporated, leaving the varnish dry inside the sheet.
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Then, the sheet can be removed from the work, which is
clean, unvarnished, and undamaged.

This method is not intended to replace or reject any
other method commonly used by restorers. It is just an
alternative, one more tool that can be used or not when
deciding on the cleaning of works of art. It should be
understood that the sheet developed with SBA-15 silica
was specifically used for the removal of Paraloid B72™
varnish from works of art with the xylene solvent. How-
ever, the application of cellulosic matrices incorporated
with silica can be extended to remove any unwanted layer,
provided that all materials and conditions of the system are
studied. The large amount of silanol groups (Si-OH) on the
surface of ordered mesoporous silica allows its functional-
ization with species that can confer greater hydrophilicity
and hydrophobicity, that is, the material can be used for
efficiently adsorbing hydrophilic and hydrophobic sub-
stances.

These adsorption sheets for cleaning works of art
(removal of inappropriate materials: new or old varnishes,
oxidized or not, inorganic and organic dirt, repainting,
etc.) in restoration procedures are obtained with cellulose
and highly ordered mesoporous silica pure, or function-
alized and/or incorporated with chelating agents ranging
from low dielectric constant (non-polar) to high dielectric
constant (polar).

The choice of suitable material to be incorporated into
the film must be made on the basis of tests carried out
on site (pictorial layer and layer to be removed) and the
expertise of the restorer. Adsorption sheets can dissolve
the layer to be removed or soften it by decreasing the force
of attraction between it and the pictorial layer. In this case,
the softened layer can be removed mechanically using a
swab.

It is very important to understand the physical-chemical
nature and complexity of artwork surfaces before under-
taking any cleaning procedure.

It is worth emphasizing that whatever the methodology
chosen for restoration procedures, just as important as
“what to do” is “how to do it”. It is clear that “what to
do”, that is, what procedure and what materials should be
used is paramount; however, the method of application
is decisive for the success or not of the work. After the
preliminary studies have been conducted and the method
to be adopted has been decided, the knowledge of the
restorer and skill will define the final results.

For example, the problem of abrasion of pictorial
layers in the traditional cleaning method with a cotton
swab rubbed over the surface or even residues left in
the interstices of works where the cleaning method with
gels or emulsions was used is due to the lack of dexter-
ity and/or knowledge of the restorer (Khandekar, 2004).

Likewise, cellulose film with silica must be used with
knowledge: of the work, the layer to be removed, the
suitable solvent, the film, and the process as a whole.

In the characterization of artwork materials used as a
collage mockup, it was necessary to use and associate
different techniques. Whenever possible, the techniques
should be non-destructive or non-invasive. Otherwise, the
experiments must be performed using amounts of samples
in the milligram range. On the other hand, it must be
considered that the work of scientific investigation (of
works of art) does not dispense with historical, cultural,
etc. investigations.
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