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Evaluation of consolidation methods on pictorial strata affected  by 
extreme exothermic processes: comparative study and materials 
testing
Adrián Robles-Andreu  01| Susana Martín-Rey  01| María Castell-Agustí  01| Vicente Guerola-Blay  01| Cristina Robles-
de-la-Cruz  01|

One of the most aggressive agents of deterioration that can affect the colors of a painting easel, is the 
damage caused by extreme heat. This type of alteration is manifested as blisters, extreme stiffness 
and loss of elasticity of pictorial materials, is extremely complicate the processing of color fixation. In 
this paper, the fundamental elements that come into play in these exothermic reactions are analyzed. 
The original paint layers performance and the consolidating materials suitability was considered too. 
The study methodology was divided into three main stages. First, a study of the physical-mechanical 
behavior of oil paintings on canvas commercial primer (used routinely by the artists) when they are 
subjected to extreme temperatures was performed.  Later, we analyzed the types and degrees of 
alteration proceeded to the experimental laboratory, by comparative of different materials consolidating. 
Finally we proceeded to the elaboration of a specific methodological guideline, to facilitate this complex 
treatment.

Keywords
Adhesives | Burned paintings | Canvas | Tested materials |

Evaluación de métodos de consolidación de estratos pictóricos afectados por procesos 
exotérmicos extremos: estudio comparativo y testado de materiales
Adrián Robles-Andreu  01| Susana Martín-Rey  01| María Castell-Agustí  01| Vicente Guerola-Blay  01|  
Cristina Robles-de-la-Cruz  01|

Uno de los agentes de deterioro más agresivos que puede afectar a la policromía de una pintura de caballete, es 
el daño provocado por fuentes de calor extremo. Este tipo de alteración se manifiesta en forma de ampollas, con 
extrema rígidez y pérdida de elasticidad de los materiales pictóricos, que extremadamente quebradizos complican 
las labores de manipulación y el tratamiento de fijación del color. En este trabajo se analizan los elementos 
fundamentales que entran en juego en estas reacciones exotérmicas, para evaluar el comportamiento tanto de los 
estratos pictóricos originales, como de diferentes materiales consolidantes y su adecuación o no en el tratamiento 
de pinturas afectadas por esta problemática. La metodología de estudio se dividió en tres etapas fundamentales: 
estudio del comportamiento físico-mecánico de pinturas al óleo sobre tela de imprimación comercial, cuando se 
encuentran sometidos a temperaturas extremas; estudio experimental de laboratorio, comprendidos los tipos y 
grados de alteración, mediante el análisis comparativo de diferentes materiales consolidantes, y elaboración de 
unas pautas metodológicas concretas, que facilitasen este tipo de tratamientos tan complejos.

Palabras clave 
Adhesivos | Lienzos | Pinturas quemadas | Testado materiales |  
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INTRODUCTION

Intense heat sources, such as fires, have accounted for one of the most 
serious causes of deterioration with the greatest effect on heritage 
conservation. This research arises as a result of this type of problem 
and is focused on the study of the pathologies and alterations in the 
pictorial stratum when subjected to elevated temperatures. 

The interrelation existing between temperature and the different 
degrees of lifting that can occur is analysed, as well as the risks 
which favour migration and the loss of several components of colour. 
Similarly, procedural protocols are established for use prior to and 
following the consolidation phase, such as safety tools in the treatment 
of these types of extremely rigid and brittle pictorial layers. 

The test trials conducted in the laboratory during the testing phase 
have allowed for the assessment of intervention material quality, thus 
certifying the future stability requirements that are demanded.

OBJECTIVES AND METHODOLOGY

The objectives set out in this study have been focused on elaborating 
a procedural methodology which is able to safely address the 
intervention of these types of pathologies. 

To do so, different adhesive substances and support materials were 
selected to carry out the fixation of colour, –conducting physical, 
chemical and mechanical tests– in test tubes for this purpose. These 
empirical studies have provided accurate data with which we can 
assess the effectiveness of the materials and their applicability to 
these types of pictorial strata.

DEGREES OF DETERIORATION IN PRONOUNCED EXOTHERMIC 
PROCESSES

Naturally, extreme heat near a pictorial work favours deterioration of 
the materials it is made of. It should be noted that there are very few 
studies on the thermal behaviour of the layers that form an oil painting 
on canvas. This is fundamentally due to the difficulty involved in 
measuring the resistance of each of the different materials that make 
up the pictorial surface.

The resistance displayed by this stratum will depend on the sum of the 
components that form it in each case; thus, each layer of colour will 
show a greater or lesser tenacity against heat (COLOMBINI; KLEITZ, 

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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2004: 59). Generally, organic materials will present thermal resistance 
values between 30 and 100ºC, while synthetic polymers vary between 
150 and 200ºC (KLEITZ; VALLET, 2000: 190).

Thus, when ignition temperatures that fluctuate around 100  °C are 
reached, several organic compounds in the paint undergo serious 
thermal degradation processes including the distillation of volatile 
compounds and the partial oxidation of alcohol, aldehydes and acids. 

Prior to reaching the melting point of the material, different degradation 
processes will occur such as discoloration of pigment, fragility of 
upper strata, softening of the pictorial layer, contraction or swelling 
of binding media and marked dehydration of the organic materials 
(BOISSONNAS, 1963: 57).

In the event that the process of pyrolysis occurs, combustion will lead 
to the decomposition of the pictorial materials (with the exception of 
glass and metal compounds). When the material reaches its softening 
point (Tg), plastic deformation will take place and different degrees of 
alteration will occur in the form of blisters. The lack of plastic memory 
will favour the permanence of deformations in the material, thus failing 
to recover its original nature. It is determined that the elasticity of a 
pictorial stratum will display the stretching capacity and orientation of 
its micromolecular chains in the direction of the force it is subjected to 
(BOISSONNAS, 1963: 58).

Different degrees of lifting can be established and are divided into 
three levels according to their seriousness. We will refer to first 
degree lifting when the lifting presents a cavity measuring between 0 
and 0.7 millimetres (it must be pointed out that these cavities do not 
contain any air in their interior –a type of deformation to the pictorial 
layer that is poorly reversible). 

Second degree blisters refer to lifting that ranges between 
0.7 and 1.35 mm (presenting air in their interior and capable of affecting 
the ground layer) (see image 1). 

Finally, third degree blisters refer to those which, in addition to 
containing air inside, have normally exceeded their plastic deformation 
limit (see image 2). 

HISTORICAL EVOLUTION OF TREATMENTS: MATERIALS AND 
TOOLS

The evolution of treatments for burnt paintings over time has been very 
controversial given the wide disparity in products and methodologies 

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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employed. Although the early methods used on these layers are 
unknown, it can be said with some certainty that many works were 
never treated, but rather considered untreatable or irrecoverable on 
several occasions. 

One of the major alterations exhibited by a painting that has been 
affected by fire is its darkening and the formation of different degrees 
of blistering.  

Early interventions did not present an organised or consistent 
procedural methodology, as written sources allow us to read how 
the paintings were even forcefully shaken with the aim of eliminating 
all of the lifting that had been caused by heat.  Similarly, it has also 
been found that the use of rough brushes (made from animal hair or 
metal teeth) was very common, in addition to scrapers and even razor 
blades; these tools were used to abrade the pictorial surface, thus 
eliminating the blistering and discoloured areas. Once eliminated, 
inpainting of the works was then normally carried out in an attempt to 
restore their original appearance (DUPONT, 1966: 33).

During the 17th century the physician Theodore de Mayerne 
recommended applying consecutive layers of fish glue to strengthen the 
burnt paintings. The concentration was gradually increased and it was 
applied on both the front and back sides of the painting. Additionally, 
flaxseed oil and litharge (lead oxide) were also recommended for 
use as colour fixatives and final varnish. After applying this oil it was 
suggested that the blisters be gently pressed (with fingers) in order to 
achieve their adhesion. The use of shellac or diluted casein was also 

Image 1 |
Close-up under tangential light of second 
degree blistering of the pictorial stratum

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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proposed as an alternative to oil as they did not cause shine like the 
oil did (DE MAYERNE, 1963: 65). 

However, one of the most widely used materials for flattening blisters 
was the Italian glue-paste adhesive called colletta. Walnut oil was 
sometimes added to this adhesive so that it would have a greater 
affinity with the painting’s original materials (MAYER, 1993: 533).

It has also been confirmed that formalin or mixtures of vaseline and 
artists’ white spirit were used in a (1:1) proportion as colour softening 
agents to then puncture the blister and introduce painting varnish as 
filling material. Pressure was then applied to the area using a cloth 
and was maintained with an iron and controlled heat (VILLARQUIDE, 
2005: 505).

Chloroform has also been utilised in the softening of these types of 
surfaces (GÓMEZ, 2001: 148). Its use required that the restorer had a 
great deal of experience as this material could end up causing extreme 
softening of the colour and even lead to its disintegration. It must be 
taken into account that the chloroform  could end up leading to the 
regeneration of the pictorial stratum or, in other words, the materials 
themselves of the pictorial layer (such as Venice turpentine, Dammar 
varnish and rectified turpentine oil). 

In this way, once the chloroform had been applied it permeated the 
work by osmosis and could excessively and irreversibly soften the 
colour. Likewise, we cannot overlook the danger that this method 
posed to the restorer’s health. 

Image 2 | 
Third degree blistering with the maximum limit 
of plastic deformation

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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In 1930 the first piece of equipment designed by restorers was 
presented in Madrid at the ICOM Conference; it was used for easel 
painting interventions and was known as the hot table. 

This device was a major step forward in linings but also provided great 
assistance to the treatment of burnt canvas paintings. The hot table 
consisted of a system of infrared lamps which were incorporated onto 
the bottom of a metallic iron; these infrared lamps were used to evenly 
heat the entire surface. This first prototype included a vacuum pump 
for achieving pressure; however, the pressure exerted was too high, 
thus leading to texture interferences with the lining fabrics in addition 
to crushing of the inlays (SCICOLONE, 2002: 107-111). This problem 
would not be completely rectified until 1974 when the new suction 
table prototype was presented at the Greenwich conference. The 
improvements were substantial given that the table allowed for the 
circulation of homogeneous air thanks to the perforations made to the 
metal surface (SANCHEZ ORTIZ, 2012: 125).

The first clear publication that can be found concerning interventions 
on burnt paintings is from 1963 by Alain Boissonnas. In this article, 
prior to beginning to describe the intervention process, the author 
stated that the only way to carry out a proper fixation of colour was by 
thoroughly treating each one of the blisters (BOISSONAS, 1964: 45).

From the same decade we also find similar treatments applied to 
works on panels, utilising the vacuum pump and heat application on 
the front side of the work with the help of hot air guns. In this case the 
blisters were reduced with the help of a rubber roller and wax-resin 
mixtures were used as an adhesive (BOISSONAS, 1964: 49).

EXPERIMENTAL STUDY

The research was conducted in three fundamental stages. First, a 
study was carried out on the pathologies presented by different oil 
paintings on cotton canvas that were damaged by extreme exothermic 
sources. Their pictorial techniques were analysed as well as the 
degree of deterioration suffered in the fire. Afterwards, this damage 
was reproduced with total accuracy on paintings of the same nature 
by using controlled heat sources; the objective was to obtain the same 
degrees of alteration. 

During the second stage of the study, different adhesive and support 
materials were selected for use in colour fixation trials. Following 
this stage, an organised procedural methodology was developed for 
properly flattening blisters and subsequently assessing the degree of 
adhesion achieved.

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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Protein adhesive materials were tested (6g of Technical Gelatin of 
pure skin® in 72mL of water), as well as polysaccharide adhesives (1g 
of Funori® in 150mL of water) and synthetic adhesives (a 1:1 Beva-
371® and White Spirit solution). In terms of the papers or support 
materials, Japanese tissue paper (18g) and TNT Non-Woven Support 
Material-54 were analysed. 

All materials were provided by CTS España. For each of the materials 
a total of 3 solutions were prepared under stable weather conditions of 
50 % relative humidity and an average temperature of 25 ºC.

All tests were conducted at the Easel Painting and Altar Workshop at 
the Polytechnic University of Valencia’s University Institute for Heritage 
Restoration.

pH measurement

This study was conducted in order to determine the range of alkalinity 
or acidity of the adhesive substances and to assess their suitability 
(or lack thereof) as strengthening materials. To do so, a DELTA pH/
mV meter was used for all of the water-based adhesives, while the 
BEVA 371® adhesive was measured using surface pH indicator 
strips. 

It was first observed that Funori® was the material which registered 
values closest to a neutral pH (7.2). Its use on works affected by fires, 
as far as its pH is concerned, would be acceptable. On the other hand, 
BEVA 371® (6.5) and Technical Gelatin® (6.3) registered more acidic 
ranges, although within the margins allowed.

Image 3 | 
Outline of the consolidation process on the mini 
suction table 
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R
O

B
LE

S-
A

N
D

R
EU

, A
.; 

M
A

R
TÍ

N
-R

EY
, S

.; 
C

A
ST

EL
L-

A
G

U
ST

Í, 
M

. e
t á

l. 
(2

01
6)

 
E

va
lu

at
io

n 
of

 c
on

so
lid

at
io

n 
m

et
ho

ds
 o

n 
pi

ct
or

ia
l s

tra
ta

 a
ffe

ct
ed

 b
y 

ex
tre

m
e 

ex
ot

he
rm

ic
 

pr
oc

es
se

s:
 c

om
pa

ra
tiv

e 
st

ud
y 

an
d 

m
at

er
ia

ls
 te

st
in

g
ph

 in
ve

st
ig

ac
ió

n 
[e

n 
lín

ea
], 

n.
º 

6,
 ju

ni
o 

de
 2

01
6,

 p
p.

 8
1-

94
<h

ttp
://

w
w

w
.ia

ph
.e

s/
ph

in
ve

st
ig

ac
io

n/
in

de
x.

ph
p/

ph
in

ve
st

ig
ac

io
n/

ar
tic

le
/v

ie
w

/1
33

>

06

88

Analysis of hardness

The objective of the hardness test was to check the resistance of 
a material against a continuous, penetrating force. In this way, an 
adhesive that is excessively rigid could compromise the integrity 
of the pictorial layer if it does not adapt to the physical-mechanical 
necessities required by this layer. 

In this case, the Shore-A measurement scale was used and the test 
was conducted with a TH200 Shore hardness digital durometer. Each 
of the adhesive mixtures were poured into non-stick containers and 
after their polymerisation they were cut into squares measuring 1cm 
on each side and 3mm thick.

From the results we observed that, within the range of measurement 
of 0 to 100, the synthetic adhesive BEVA 371® offered a value of 
resistance to penetration much lower than the rest of the materials 
(42.7). Meanwhile, Funori® and Technical Gelatin® registered much 
higher values, with (93.6) and (92.4) units of hardness, respectively. 
These values, however, always registered on the hardness scale 
marked by Shore-A regulations, thus the reason why none of the 
adhesives were ruled out for the next phase of testing.

Separation resistance: Quick Stick

In order to evaluate the degree of consolidation provided by each of 
the materials, adhesive bonds were made using the support papers 
(Japanese paper (18g) and TNT-54®), and each of the mixtures tested 
during earlier trials.

Adhesion was carried out using the mini suction table and with the 
aim of evenly applying pressure and temperature in a controlled 
manner. This way, the test tubes were gradually introduced to heat 
(until reaching 50°C) and suction (up to 30HP), and a Mylar Melinex 
film was inserted to achieve the vacuum effect.

Holes were only made to the second and third degree samples with 
the help of a hypodermic needle to remove the air from inside and 
inject the adhesive in its place. Afterwards, following elastification of 
the surface, the protective paper was applied to gradually eliminate 
colour deformations and consolidate the blisters and lifting of the 
stratum (see image 3).

To assess the resistance to traction and, correspondingly, the degree 
of maximum adhesion achieved with each of the materials, the Quick 
Stick test method was applied using a FORCE GAUGE-FM200 digital 
dynamometer. 
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This is an innovative study in the field of canvas painting interventions 
as it can be applied to other areas of research. It is based on measuring 
the separation resistance of a body that is subjected to continuous and 
gradual manual traction forces. 

When the adhesion is correct it will bond in the moment it is applied to the 
substratum, with a high propensity to creep, which can lead to cracking. 

When it is low it will allow the substrata to separate without excessive 
resistance (measured in Newtons). 

Four centimeters of protective paper was bonded to the central part of 
the test tubes that were consolidated (described above) with the mini 
suction table. The trial began, observing how and when the paper 
and/or the pictorial surface started to separate. This way, we could 
verify the adhesive strength achieved and its surface penetration 
through the different strata. This study allowed us to determine the 

Image 4 | 
Separation resistance test

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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type of adhesive failure that occurred as well as the affinity between 
the pictorial substrata and the materials used in the intervention. 
It must be noted that in this trial the reversibility of the adhesive 
material is not induced (by means of heat or solvent), to obtain the 
data corresponding to maximum adhesion or maximum separation 
resistance (see image 4).

Image 5 | 
Results obtained from adhesion testing

Image 6 |  
Macrophotographs of the pictorial stratum 
before (upper images) and after the 
consolidation process (lower strip)
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After individually assessing the results for each of the adhesive 
materials, the large difference in the values registered must be 
highlighted as they did not meet all of the objectives set out at the 
beginning of the trial. Funori® is the adhesive substance presenting 
results that fall far below the necessities required by the pictorial 
stratum for all three degrees of alteration tested (failing to exceed 
1.4 N in all cases). 

Technical Gelatin® is the strengthening material with the best results 
in terms of consolidation and separation resistance parameters for all 
degrees of deterioration analysed, with average values that are not 
elevated (around 5.3 N). BEVA 371® is the material which presents 
the highest degree of adhesion and separation resistance (reaching 
20.6 N), but with optimum results with regard to hardness and elasticity 
(see image 5).

In this case, the protein-based adhesive is the one which most evenly 
adjusts to the necessities manifested in the typology of the artwork 
being studied as well as to the adhesion standards required in the 
conservation and restoration of canvas paintings. The samples 
maintained their original rigidity and were not elasticised by the 
application of this substance. TNT-54® is the most suitable paper due 
to its high resistance, capacity to adapt and high porosity as compared 
to the fragility of the Japanese paper substratum (see image 6).

RESULTS AND FINAL CONCLUSIONS

> The use of suction and controlled heat with the mini suction table 
and a hot scraper proved favourable to the flattening of second and 
third degree alterations, making their application very important.

> TNT demonstrated high resistance, optimum porosity and an 
elevated capacity to adapt to the irregularities of the pictorial surface.

> The polysaccharide adhesive Funori® registered an appropriate pH 
but presented increased hardness and a capacity to bond that was 
more limited than the rest of the materials.

> BEVA 371® is the strengthening material with the greatest capacity 
to bond but presented excellent results with regard to hardness and 
elasticity in the test tubes.

> Although Technical Gelatin® offers a greater degree of hardness 
than other strengthening materials and a slightly acidic pH, it is the 
material which presented the best adhesion results in burnt paintings 
for every degree of deterioration analysed.

http://www.iaph.es/phinvestigacion/index.php/phinvestigacion/article/view/133
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> It is important to emphasise that during the puncture stage prior 
to the protection of colour for second and third degree liftings, an 
incorrect methodological implementation may cause fragmentation of 
the blisters, thus leading to a network of craquelures that will show in 
the final results. 

> These studies are in the developmental stage with the incorporation 
of elastifying materials to improve the elastic properties of the protein 
materials and aggregates to strengthen the adhesive capacity of the 
mixtures with polysaccharides. 

> The growing value of the use of natural substances that are harmless 
to the restorer and his/her environment is promoted over more toxic 
and harmful substances.

> Finally, it should be indicated that the use of one adhesive mixture 
or another will depend on the nature and technique of the artwork and 
its degree of deterioration, in addition to the intervention necessities 
the artwork presents.
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