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ABSTRACT
Choice of conservation treatments for archeological bone material is a complex issue. Consolidation in affected zones by
decohesion with Acril-33 and Paraloid™ B-72 is one of the most common interventions for stabilization. These materials
are extremely sensitive to UV radiation, which render them whitish and brittle. This study assesses the stability level in
several acrylic and vinyl resins applied as consolidant or adhesive in archeological materials. Therefore, we prepared
concentrations in different solvents at 5% with a UV stabilizer Tinuvin® 292. Colorimetry shots were made with a
spectrophotometer before and after consolidating bone fragments and during an aging process of 240 hours of exposure
to UV radiation, in order to understand if long term changes could be perceived.
Results are variable because of the particular characteristics that every bone fragment has. We thus confirm differences in
behavior and final appearance of the original material, depending on the combination of resins and consolidants used
during conservation and restauration. Therefore, additional studies and tests of solvent combination will be necessary to
assess their effects in more detail.
Keywords: aging; bone; consolidation; colorimetry

RESUMO [in Portuguese]
A escolha do tratamento adequado para a conservação de material ósseo arqueológico é um assunto complexo. As zonas
descoladas são comumente consolidadas usando Acril-33 e Paraloid™ B-72 para as estabilizar. Estes materiais são
extremamente sensíveis à radiação UV o que os pode tornar quebradiços e esbranquiçados. Este estudo avalia o grau de
estabilidade de várias resinas acrílicas e vinílicas como consolidantes ou adesivos em materiais arqueológicos. Assim,
preparámos concentrações de 5% em diferentes solventes com o estabilizador UV Tinuvin® 292. Foram feitos testes de
colorimetria com um espectrofotómetro antes e depois dos fragmentos ósseos terem sido consolidados, bem como,
durante um período de 240 horas de exposição à radiação UV, de forma a compreender se seria possível detectar
quaisquer alterações de longo termo.
Os resultados foram variáveis devido às características particulares que cada fragmento de osso apresenta. Desta forma
confirmamos diferenças no comportamento e aparência final do material original, dependendo da combinação de resinas
e consolidantes usados durante a conservação e restauro. Por esse motivo, serão necessários mais estudos e testes às
combinações de solventes para aferir os seus efeitos em maior detalhe.
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INTRODUCTION

Osteological materials are very sensitive when
the remains are excavated; they are anisotropic
and hygroscopic materials, with the ability to
retain or transfer water to the atmosphere.
When the remains are adapted to the
environment’s relative humidity, they can suffer
directional deformation in each of their three
axes. This new condition causes problems of
contraction and expansion. The volume changes
and the tensions triggered by these new
conditions result in fractures, cracks, fissures,
and streaking following the axes of the bone
tissue, increasing the instability of the piece.
The fractures start when the imposed stress
exceeds the strength limits of the material
(Laborde Marqueze and Bouzas Abad, 2003).
Sunlight sensitivity is another very important
factor in the preservation of archeological bone;
a long exposure promotes an increase of
brittleness and the loss of their natural color
(Plenderleith, 1967). Because of this, the best
way to conserve and preserve the bone is to
establish steady relative humidity (RH) and
temperature values the 45-55% RH and 25°C
(Stone et al., 1990), and to adapt the bone
gradually to these conditions from their
unearthing until their conservation intervention
in a humidity box at the laboratory. Thereby,
exposure to rapid fluctuations that might cause
possible damage resulting from mechanical
stresses can be prevented.
The alteration processes depend on the
chemical composition of the archeological
material, its physical characteristics, and the
soil
environment,
including
acidity
and
alkalinity, presence of soluble and insoluble
salts, degree of aeration, water movement and
climatic changes where they have been
deposited (Koob, 1984; Johnson, 1994). As a
consequence, deterioration of specimens or
bone remains varies in velocity and severity,
and in the same specimen we can find different
states of preservation as a result of the
diversity of the chemical components. The
qualities such as porosity, density, hardness,
size and bone shape transform these organic
materials in a very complex and heterogeneous
unit. In sum, its state of preservation depends
more on the soil and climate than its
chronological age (Brothwell, 1993).
The archeological remains go through various
treatments of conservation, from its excavation
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until its musealization. The preventive measure
of stabilization includes monitoring the levels of
HR, temperature and lighting (Porto Tenreiro,
2000). The conservation interventions have to
be adapted to the purpose or the scientific
interest, the most common of them being
cleaning, consolidation and assembly of
fragments. The Decalogue of the Conservation
recommends minimal intervention judgement.
The limitation of the interventions to a
minimum is due to the respect for the original
material and to keep its integrity for future
research. It is very important to find a balance
in the intervention standards because the
quality of the information might be affected in
further research also at microscopic scale, as
for instance chemical analyses, which might
yield misleading results as a consequence of the
cleaning and consolidation treatment (Johnson,
1994; López-Polin et al., 2008a).
Materials used for consolidation
The methodology for the consolidation of
osteological specimens has been inadequate in
many cases, because of incomplete knowledge
of the materials and methods applied.
Commonly used consolidants or “preservatives”
during historical conservation interventions
were paraffin wax, beeswax or mixtures of resin
wax (Koob, 1984). These materials are difficult
to remove and cause metric inaccuracies due to
the thickness of the layer applied to the bone
surface
(Brothwell,
1993).
Shellac
was
commonly used in dense layers, affecting
coloration and producing surface gloss (Figure
1). Moreover, these layers become unstable
over time and form a hard layer that cracks and
begins to peel and fall off of the surface of the
bone (Brothwell, 1993; Johnson, 1994; Pasíes
Oviedo, 2014). Other natural consolidants have
also been used, such as glue solutions or
isinglass and animal glue (Rathgen, 1905;
Johnson, 1994). An example of a common
consolidant is cellulose nitrate resin (Johnson,
1994; Pasíes Oviedo, 2014), although its
instability was recognized since 1936 (Johnson,
1994). The cellulose nitrate resin develops
severe yellowing, and becomes brittle and
flakes away, but it is still used because it can be
easily obtained (Johnson, 1994).
In addition to the natural and cellulose nitrate
resins, the most common synthetic resins used
in consolidation of bone materials have been:
poly(vinyl) acetal resins, poly(vinyl) butyral
resin, poly(vinyl) acetal resins, poly(vinyl)
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Figure 1 - Example of consolidation of bone material with Shellac. Left: left lateral view; Right: ventral view. Note the surface
gloss and differences in color. Image: Archivo del Museu de Prehistòria de València, used with permission.

acetate emulsions, acrylic emulsions, acrylic
colloidal dispersions and acrylic resins (Johnson,
1994). The references published recommend
the use of polyvinyl acetate and acrylic resins
such as Paraloid™ B-72 (Acryloid B-72 in the
US) in concentrations of 5 to 10% solution in
acetone or toluene, as well as the use of
emulsions of polyvinyl acetate (PVA) and acrylic
for consolidation of damp bones.
Nowadays, at least in Spain, the use of vinyl
resins in the consolidation of archeological bone
materials is no longer common. It has been
predisposed by acrylic resins (Paraloid™ B-72)
in acetone solution and acrylic emulsion (Primal
AC-33, Acril 33) in concentrations between 3 to
10% (García Fortes and Flos Travieso, 2008;
López-Polin et al., 2008b) or 4-5% (Canci and
Minozzi, 2005). Due to its difficult reversibility,
emulsions like Primal AC-2404 are no longer
used in restoration of paleontological material
(López-Polin et al., 2008b). After a natural
aging, acrylic resins become insoluble in low
polarity solvents (Borgioli and Cremonesi,
2005).
The choice of the most appropriate kind of
consolidant depends on whether the material is
wet or dry and the judgment of the restorer. It
can be applied by spraying, dripping, brush
impregnation,
injection,
immersion
and
impregnation under vacuum or pressure.
Inadequate interventions not only result from
the choice of the consolidant, but also of its
application. Nowadays, invasive treatments
such as immersion and pressure impregnation
are discarded. These application methods
change the hue and brightness of the bone
surface (Pasíes Oviedo, 2014), generate
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problems in the transpiration of the material,
and induce physical-chemical changes in the
composition and internal structure of the
original
components.
Furthermore,
the
treatments may influence the results of the
analysis of obtaining absolute dates (LópezPolín et al., 2008a) and hamper a correct
observation of the surface through electron
microscopy (SEM) (Fernández-Jalvo and Marín
Monfort, 2008). In addition, it is difficult to
remove the consolidant without damaging the
bone morphology (Johnson, 1994). Current
judgment and professional experience suggest
its application only when it is strictly necessary.
Long term behavior of synthetic resins from the
industry is often unknown. The fact that we
consider these materials appropriate today,
does not mean that the stability and aesthetic
vision will not be affected over short or long
periods of time.
The combined action of light and changes in
temperature and relative humidity affect the
stability of the specimen and the products used
in the intervention, but the specimen and the
conservation materials can age differently.
Here, we assess the consolidating stability after
exposure
to
ultraviolet
radiation,
which
simulates aging. Ultraviolet radiation is a
punctual treatment that can alter the original
appearance. Changes in brightness and
yellowing over time can be detected visually,
with or without a microscope.
Solvents
Different solvents can strongly vary in their
penetration ability. The factors that we must
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consider in the selection of the solvent and the
consolidation process are (García Fortes, 2001):

-

-

-

Nonpolar solvents with a low surface tension
have the highest capacity of penetration.
Water is a polar solvent with very low
penetration capacity.
Consolidants in a solution have better
penetration capacities than emulsions.
Less volatile solvents can increase their
ability of penetration in the porous structure
because they remain more time on the
surface of the object to be consolidated.

Polarity and toxicity of the solvent should be
considered during the selection of the most
appropriate solvent. Highly toxic solvents such
as aromatic hydrocarbons (e.g. toluene and
xylene) have not been in use now for some
time. Toluene was used individually or
combined with acetone as consolidant for the
conservation of bone and paleontological
material, because it increases the drying time
and thus facilitates penetration (Koob, 1984).
Acetone, an organic solvent, is the most
common diluent for Paraloid™ B-72, but its high
volatility generates a reverse migration effect.
Because of this high volatility and the resulting
reverse
migration,
Borgioli
(2007)
recommended the use of Butyl acetate and
Dowanol PM instead of acetone and ethyl
acetate for the solubilization of Paraloid™ B-72.

-

-

-

To offer strong cohesion that allows future
manual manipulation of the material.
Regarding the original material it must be
compatible and stable.
They must not cause disturbances in either
the structure or in the appearance during
application as after natural aging (Horie,
1987).
Suitable
impregnations
properties,
appropriate flexibility and hardness, easy
application, long term reversibility (Horie,
1987; Kres and Lovell, 1995)
Reversibility approach: The reversibility and
total elimination of the resin is relative,
because their total elimination from the
pores of the material is impossible. Also, if
the objective is the restoration of the
structural capacity of the original material,
the removal of the consolidant would
endanger the physical integrity of the
specimen (García Fortes and Flos Travieso,
2008). The reversibility approach is thus
more focused on color variation and
brightness caused by excessive use of
consolidants.

The viscosity, particle size, solvent system,
glass transition temperature (Tg), pH and
toxicity are other characteristics that we have
to consider in the selection of the consolidating
resin (Koob, 1984).
METHODS

Consolidants
The objectives of consolidation are to restore its
original density and return to the material’s
structural capacity, which has been lost as a
consequence of prolonged negative impact of
the physical, chemical and biological agents
over time. The consolidants are only applied if
strictly necessary. They should not be
indiscriminately applied, because they modify
the properties of the original material and can
obstruct the constant fluctuations. Even if
previously applied resins can be removed, the
conservation treatment might have altered the
original material, which precludes important
future
studies
(optical
and
electronic
microscopy) and chemical results (López-Polin
et al., 2008a).
It is very difficult to find a material that meets
most of the characteristics of a good
consolidant (Koob, 1984; Johnson, 1994). The
requirements to select the most appropriate
material are:
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Samples were exposed to UV radiation, which
artificially accelerates aging, in order to test the
stability of the resins used during the
conservation
intervention
and
if
their
application was made in an appropriate way.
This methodology was selected because UV
radiation is one of the major causes of
diminution of stability of the resins and the
surface changes. The objectives were to 1)
confirm if the added materials present
compatibility, affinity and symmetrical aging,
and 2) prove if the addition of the stabilizer
Tinuvin® 292 UV incorporated into the
consolidant would reduce the whitening of the
bone material. In order to test this, our study
protocol was the following:
-

Selection of resins and preparation of
consolidants.
Measure the distance of capillarity in paper
strip (following Fedak, 2006).
Preparation of stencil for further controls of
chromatic variations on bone surface and
glass slides (for neutral surfaces).
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-

-

-

Application of the consolidants on the glass
slides.
o Observation the effects of the consolidant:
white veil, distribution and drying.
Selection and preparation of the bone
remains.
Photography with optical microscopy (before
consolidation).
Impregnation brush on the archaeological
bone material.
Photography whit optical microscopy (after
consolidation).
o Observation
of
the
morphological
changes: distribution and drying the
consolidant and if this form white veil or
brightness.
Accelerated aging by exposure to UV light in
Q-BASIC UV with a UVA-340 nm lamp.
Chromatic analysis by visible Spectrometry /
Colorimetry: The color measurements were
performed with a Spectrophotometer Minolta
CM-2600d, which determines the CIE
tristimulus values (X, Y, Z) with Ø 5mm
measurement area. Measurements were
made with the standard illuminant CIE type
D65 (day light, color temperature 6500ºK)
and the standard observer 10º (KONICA
MINOLTA SENSING, Inc.) with specular
included (SCI) and excluded (SCE).

For the evaluation of the changes in color, the
CIELAB and CIELCH perceptives were used. The
total chromatic difference between two stimuli
is calculated using the CIEDE 2000 (∆E00)
equation,
which
is
the
most
recent
recommendation of the CIE (Melgosa et al.,
2001):

∆𝐸00 = √(

∆𝐿´ 2
∆𝐶´ 2
∆𝐻´ 2
∆𝐶´
∆𝐻´
) +(
) +(
) + 𝑅𝑇 (
)(
)
𝑘𝐿 𝑆𝐿
𝑘𝐶 𝑆𝐶
𝑘𝐻 𝑆𝐻
𝑘𝐶 𝑆𝐶 𝑘𝐻 𝑆𝐻

The glass slide was subjected to Stove Aging in
order to assess yellowing. For the calculation of
the degree of yellowing, we used the tristimulus
values XYZ provided by the spectrometer. The
yellowness index (IY) (ASTM D1025; González
& Leal, 2008) is calculated with the following
equation:
𝑋−𝑍
) 𝑋 100
𝑌𝐼 = (
𝑌

For each of these two assessments of color
change, three samples were prepared. As
recommended in the European normative test
methods for color measurement of surfaces,
UNE-EN 15886, established for the conservation
of cultural property, we carried out five
measurements.
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The colorimetric monitoring was realized at 0,
24, 72, 120 and 240 h exposure of UV
radiation.
-

Photography with optical microscopy after
240h exposure of UV radiation.
o Study
of
morphological
changes:
Observation of possible changes in
brightness and whitening of the surface.

We applied the colorimetry to assess chromatic
variations after conservation processes or mere
aging. If we expose samples to accelerated
artificial aging, we will obtain data concerning
their resistance over time. The results provide
information on the best choice of consolidants
and restauration treatments of all kind of bone
and other archeological materials.
Consolidant selection
To carry out this study we selected some resins
used as consolidants (preservatives) and
adhesives in the area of conservation of cultural
heritage. The concentrations were produced in
proportion weight to volume (w/v) in different
solvents are shown in Table 1.
Acril-33 (acrylic EA / MMA) was selected as an
example of acrylic emulsion resins, because of
its characteristics and resistance to aging. Acril33 is employed in many sectors of the
conservation cultural heritage.
We selected different solvent based acrylic
resins. On the one hand, we selected Evalcite®
2044 (acrylic nBMA) for its elasticity. Its
application is recommended for materials
subject to dimensional changes (wood, leather,
parchment, etc.). On the other hand, we
selected a wide range of Paraloid´s series:
Paraloid™ B-66 (acrylic MMA/BMA) for its
optimal
characteristics
of
adhesion
and
flexibility, although its yellowness changes with
temperature; Paraloid™ B-72 (acrylic MA/EMA)
because it is considered the most stable
methacrylate, and for other characteristics such
as reversibility, resistance to oxidation, to light,
to hydrolysis, to moderate heat and mechanical
strength; Paraloid™ B-82 (acrylic MMA) has the
special
property
of
being
soluble
in
alcohol/water mixtures and has 9,4 solubility;
and finally, a mixture of Paraloid™ B-72 and 44
to
add
the elasticity and increase
glass
transition temperature (Tg) of the Paraloid™ B72.

Linares Soriano & Carrascosa Moliner 2016: CHROMATIC CHANGES IN CONSOLIDANTS
Table 1 - Consolidants tested with UV accelerated aging.

VINNAPAS® CEF 10W (used as consolidant for
the adhesive formulations, varnishes and
paints) was studied for comparisons with
emulsion acrylic resins.
Among the solvent based vinyl resins, we
selected the K60 (PVA) and Mowital® B60HH
(polininilbutirrale) for their resistance to aging
and their reversibility characteristics in alcohol.
Their main use is for gluing and the
consolidation of archeological ceramics.
Finally, FLUOLINE A, a kind of fluoride
elastomers and acrylic polymers in acetone,
was selected due to its recommendation for
gluing and pre-consolidation of wood, stone,
clay, fossils, archeological remains, and more.
Tinuvin® 292 UV filter was added to the solvent
resins because it is recommended to reduce
effects of UV radiation in varnishes based on
synthetic and natural resins.
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Preparation of samples for testing
We have selected bone fragments out of
context of the Archaeological Museum of Lliria
(Valencia, Spain) in order to perform studies on
original material. The consolidation was made
by impregnation brush in all fragments (Figure
2).
RESULTS
Consolidants on glass slides
Visual observation
We made the following observations during the
impregnation of the consolidants with a brush
on the glass slides:
- The brushstrokes are visible with all resins
dissolved in acetone while the solvent is
evaporating.
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Figure 2 - Bone fragments selected for test and consolidating process.

-

-

-

-

-

K60 and Mowital® B60HH vinyl resins
dissolved in ethyl alcohol evaporate slower,
allowing for a uniform application, and form
a homogeneous film.
The Paraloid solutions in mixtures of 1:1
ethyl alcohol/acetone and Paraloid™ B-82 in
1:9 water/ethyl alcohol mixtures have
increased
drying
times
and
form
homogeneous films, but also white veils.
The behavior of resins dissolved in ethylacetate is similar to the one of solutions in
acetone. However, brushstrokes are less
visible.
In the following condition: acetone, ethylacetate, butyl acetate, and Dowanol PM, the
drying time is increasing and the distribution
for the surface is more uniform due to the
low volatility of the solvent.
Emulsion resins have the longest drying
time.

Similar results were obtained by the absorption
capillarity test in 60 seconds on strips of paper:
-

-

-

-

A higher concentration of the resin results in
a lower capacity of penetration by capillary
forces.
The results of the two emulsion resins (Acril33 and Vinnapas® Lef 10w) are similar; both
take much time in drying and in starting to
form a hard film.
Even though the vinyl resins are dissolved in
ethyl alcohol (which has a low volatility, and
should thus penetrate more easily), their
penetration
index
depends
on
the
concentration of the solution. In low
concentrations, vinyl resins have a lower
penetration index than acrylic resins.
Apparently, the acrylic resins dissolved in
acetone
have
a
higher
capacity
of
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-

penetration, but this is not the case, because
the rapid evaporation of acetone does not
permit the resins to enter the internal
structure. In this case, 60 seconds after
application of the resin on the strips of
paper, there is a humid area but the hard
film does not remain in the entire area after
the solvent has evaporated.
Fluoline A resin has an absorption capacity
by capillarity similar to acrylic resins.

Chromatic changes after test in oven
Yellowness Index is used to measure the types
of deterioration. These types of deterioration
are associated with oxidation, surface dirt and
other relevant developments that lead to the
degradation of the resin, which is subject to
radiation and atmosphere (González and Leal,
2008). To estimate the Yellowness Index
increment in the resins, the samples were
introduced for 72 h in the oven with a
potassium sulphat dissolution (UNE 48-071-82).
As shown in the Tables AI-1 and AI-2, the
results when adding Tinuvin® 292 are more or
less similar to what we obtained without it
application. Therefore, Tinuvin® 292 does not
fulfill its essential function of UV filtering in this
context.
The results of this test were the following (see
also Table AI-1):
-

-

The vinylic resins tested tend to turn yellow.
The consolidants produced with Mowital® are
affected most. The most stable is K60
dissolved in ethyl alcohol.
An increased yellowing rate can be observed
in more acrylic resins as Acril-33, Evalcite®
and many paraloids.
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-

Paraloid™ B-72 is the resin most used as
consolidant
in
the
conservation
of
archeologic materials. When the resin is
dissolved in acetone or an acetone:ethyl
alcohol mixture, it is strongly affected by
yellowing. In these cases we have observed
the filter effectivity of Tinuvin® 292. The best
results were obtained with solutions in
acetate ethyl, acetate butyl and Dowanol.
-

Chromatic changes after accelerated aging
with UV (see Table AI-2)
-

-

Vinylic resins: there are no perceptible
changes in color, with ∆E00 lower to 1,00
unit CIEDE00. The generated darkening
coincides entirely with the Yellowing Index.
The worst results are produced with
Mowital®. We can confirm that the effects of
Tinuvin® 292 make the resin less stable.
Acrylic resins: the tested acrylic resins have
similar, stable behaviors with less than one
unit in the ∆E00 after UV aging, except

Paraloid™ B-72 in acetone and Paraloid™ B82 in a acetone/ethyl alcohol mixture. When
the Paraloid™ B-72 is solved in Dowanol PM
and ethyl acetate, good results were
obtained with 0,12 units approximately
compared to acetone with 0,67 units
CIEDE00 of the total color difference. Some
darkening can be observed in Evalcite®
samples according to the lightness value L*.
Fluoline-A samples give good results (0,14
units ∆E00).

Consolidation of bone material
Chromatic changes of the consolidated
bone material after accelerated aging with
UV
The consolidated bone specimens were exposed
to 240 h of UV accelerated aging. The
measurements of two or three samples of each
preparation of resins is shown in Table AIII-1
(where all detailed information from all tests

Figure 3 - Bone remains and highlighted points for colorimetric measure.
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can be consulted). Average values were
calculated
from
five
measures,
as
recommended by the normative UNE-EN 15886.
The monitoring was realized in the points
highlighted in Figure 3.
The behavior of the resins was evaluated
through comparisons with untreated areas.

The worst results are produced when dissolved
in acetone and/or ethyl acetate.
Paraloid™ B-44, B-66 and B-82: there were
more changes in the treated areas than in the
untreated areas. When consolidated with B-44,
independently from the solvent used, it became
more opaque as a result of less chroma (∆C*).
Paraloid™ B-72: as shown in Figure AII-9 the
consolidated areas of the same bone treated
with resin dissolved in ethyl acetate and
butyl acetate is different. Compared to the
untreated area, the total color change, the
lightness level and the loss of chromaticity is
more stable after application of solutions in
butyl acetate.

CIELCH Diagrams (Figures AII-1 to AII-11)
indicate that the total color changes (∆E00)
exceeded the visible threshold (Melgosa et al.,
2001). All of them reached values above the
1,75 unites CIEDE00 after exposure of 24-72 h
to UV radiation. The changes augmented with
increasing
exposure
time,
because
the
photodegradation is accumulative.

-

The color changes in untreated areas are very
variable; there are changes between 1,55 to
18,61 units. This disparity could be because the
stability of each fragment or tested area
depends
on
its
composition,
porosity,
deterioration, and other factors. Therefore, we
established a maximum limit to color change
acceptability at 2 units CIEDE00.

All coordinates are located within the yellow-red
(+b, +a) range on the CIELAB diagram. The
untreated bone material undergoes a slight
yellowing and becomes less chromatic (more
matt) and lighter in respect to L*. These results
are similar to the bone treated with any resin
except for the areas consolidated with
Paraloid™ B-66 and B-82, where displacement
of the coordinates is more extensive.

Most changes were observed in areas
consolidated with Acril-33 and Vinnavil. The
samples treated with K60 showed no changes
between consolidated and untreated areas.
Color was only more stable when applying K60
dissolved in acetate butyl. Fluoline-A provided
good results, given that the first changes start
after 120h of exposure to UV radiation.
Differences were observed depending on the
solvent employed in all Paraloid:
-

Paraloid™ B72+44: The best behaviors are
presented at the areas consolidated with the
resin dissolved in acetate butyl in all
increments or CIE Colour Space Notations
(ΔL*, ΔE00*, ΔC* and Δhº). In addition, the
areas treated with resin dissolved in
DOWANOL PM yield optimal results. There
are no specific observable changes after UV
test in treated and untreated surface areas.
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DISCUSSION
The group of consolidants applied to the glass
slide were classified as belonging to category I
Lightfastness I, according to the standard ASTM
4303-03, given the obtained changes of less
than four units in the total color change (∆E00)
after exposure of 240 h to UV radiation. These
results are different in the original material
depending on its characteristics.
As shown in Figures 4 and 5, where it has been
done a visual appreciation of the morphological
changes using the optical microscopy after UV
accelerated aging, the same fragment can have
areas of varying sensitivity to UV radiation,
given the variable color changes across the
object.
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Figure 4 - Bone fragments before (a) and after (b) UV radiation test.

Figure 5 - Selection of consolidated areas indicating color changes before and after consolidation, and after exposure to UV.

55 ● Journal of Paleontological Techniques

Linares Soriano & Carrascosa Moliner 2016: CHROMATIC CHANGES IN CONSOLIDANTS

Summary and recommendations
The UV filter Tinuvin® 292 does not protect
archeological
bone
material
from
UV
accelerated aging. Therefore, we do not
recommend its use in the preparation of resins
for consolidation.
The solvent strongly affects the behavior of the
resin when exposed to UV radiation. Most
importantly, the degree of yellowing depends
on the solvent used in the preparation of the
resins.
All resins tested on glass slides were stable
during exposure to UV radiation, yielding
positive results concerning color changes with
values below one unit CIEDE00. However,
depending on the nature of the material treated
and the state of degradation of the bone
fragment, the result is different. Therefore, the
stability of the consolidant depends on: the
resin,
the
solvent
and
the
bone´s
characteristics (composition porosity, state of
degradation, and other factors).
The vinyl resin Vinnapas®, applied in a 5%
solution (v/v), yielded similar results as acryl
resin Acril-33. When choosing emulsion resins,
one should bear in mind that over time, these
resins tend to change chemically to form more
extensive cross-linking. The resins will become
insoluble as a result of the presence of
additives, emulsifying agents, and stabilizers
necessary for keeping the resin in suspension
(Sease, 1994).
Changes in color were most apparent when
applying Mowital® and K60, as indicated by the
Yellowness Index. The vinyl resin K60, when
dissolved in acetone, ethyl-acetate, acetate
butyl, and Dowanol PM, produces surface gloss
and is less stable than some acrylic resins.
Generally, vinyl resins show worse results than
the acrylic resins and are not recommended
because of their sensitivity to changes in
temperature (Sease, 1994).
There are more changes in consolidated areas
with Acril-33, Paraloid™ B44, B-66 and B-82, as
surface gloss, yellowing, or the appearance of
white veils, compared to the other tested
resins. The use of these resins for the
preparation and conservation of subfossil and
fossil material is therefore not recommended.
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After the E.A.A U.V test, the Evalcite® resin did
not satisfy the expectations given the high
levels of yellowness. This resin is less stable
than the Paraloid group concerning the effects
of UV light. Paraloid™ B-72 and Paraloid™ B72+44 5% w/v yield better results dissolved in
butyl acetate or Dowanol PM than acetone or
ethyl-acetate. The use of other solvents than
acetone or ethyl-acetate for Paraloid resins not
only improved the stability of these resins, but
also prevented inverse migration. Inverse
migration counters penetration of the resin into
the bones, because the high volatility of
acetone or ethyl-acetate pulls the still dissolved
resins back towards the surface.
Application of Fluoline-A resin as a consolidant
has yielded good results. No yellowing of the
resin, changes in brightness, nor visible
differences in the consolidated areas were
recognized. Testing should thus be continued
with the many other existing types of Fluoline
resins, in order to better understand their
suitability as consolidators.

FUTURE DIRECTIONS
This study allowed us to assess chromatic
changes produced in consolidated areas of
archeological bone material after prolonged
exposure to UV radiation.
Given that each solvent has advantages and
disadvantages, no single solution exists for all
preparation and conservation treatments.
Further studies are needed to test additional
solvent combinations. For instance, acetone can
be partly substituted by Dowanol PM. Such a
combination
should
provide
increased
penetration rates in internal, porous bone
structures as a consequence of the lower
density of Dowanol PM, and would also reduce
the toxicity.
For the choice of resins and solvents, humidity
and temperature have to be taken into account
as well. Future analytical tests therefore need
to include tests of humidity and temperature to
assess the behavior of the resins under
exposure to environmental fluctuations.
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APPENDIX I. GLASS SLIDE RESULTS
Table AI-1 - Yellowness Index of the vinyl resins, acrylic resins and Fluoline-A applied on glass slides, after heating in oven.
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Table AI-2. Increments results of the vinyl resins, acrylic resins and Fluoline-A applied on glass slides, after exposure of 240h to
UV.

-
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APPENDIX II. CONSOLIDATION BONE MATERIAL, CIELCH DIAGRAMS

Figure AII-1 - Changes produced in bone material. Increments L*, E00, C* an hº after exposure of 240 h to UV radiation.

Figure AII-2 - Changes produced in areas treated with Fluoline-A on bone material. Increments L*, E00, C* an hº after
exposure of 240 h to UV radiation.
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Figure AII-3 - Changes produced in areas treated with Evalcite® on bone material. Increments L*, E00, C* an hº after exposure
of 240 h to UV radiation.

Figure AII-4 - Changes produced in areas treated with emulsions resins (acril-33 and Vinnapas® LEF10) on bone material.
Increments L*, E00, C* an hº after exposure of 240 h to UV radiation.
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Figure AII-5 - Changes produced in areas treated with Mowital® on bone material. Increments L*, E00, C* an hº after exposure
of 240 h to UV radiation.

Figure AII-6 - Changes produced in areas treated with K60 on bone material. Increments L*, E00, C* an hº after exposure of
240 h to UV radiation.
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Figure AII-7 - Changes produced in areas treated with Paraloid™ B72 + 44 on bone material. Increments L*, E00, C* an hº
after exposure of 240 h to UV radiation.

Figure AII-8 - Changes produced in areas treated with Paraloid™ B-44 on bone material. Increments L*, E00, C* an hº after
exposure of 240 h to UV radiation.
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Figure AII-9 - Changes produced in areas treated with Paraloid™ B-72 on bone material. Increments L*, E00, C* an hº after
exposure of 240 h to UV radiation.

Figure AII-10 - Changes produced in areas treated with Paraloid™ B-66 on bone material. Increments L*, E00, C* an hº after
exposure of 240 h to UV radiation.
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Figure AII-11 - Changes produced in areas treated with Paraloid™ B-82 on bone material. Increments L*, E00, C* an hº after
exposure of 240 h to UV radiation.
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APPENDIX III. RESULTS. SUMMARY TABLE
Table AIII-1 - Changes observed on consolidated surfaces.

Additional images and material can be downloaded at http://www.jpaleontologicaltechniques.org/
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