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a  b  s  t  r  a  c  t

In the  interventions  to historical  heritage  sites,  it is  necessary  to have  the  characterization  and  iden-
tification  of  the  raw  materials  in  accordance  with  the  architecture  under  study,  in order  to facilitate
conservation  and  rehabilitation  strategies.  Pitch  wood  comes  from  the  resinous  heartwood  of  Pinus
canariensis  and  is  identity  sign  of traditional  Canarian  architecture.  The  aim  of  this  work  it is to  check
the  usefulness  of thermogravimetric  analysis  (TGA)  as  a test  for  the  preliminary  diagnosis  of the  pres-
ence  of Pitch  wood  in  traditional  Canarian  building.  For  this  purpose,  a study  of the  thermogravimetric
behavior  on  wood  samples  taken  from  six  buildings  constructed  between  the  16th  and  19th  century
was  performed.  TGA  curves  of  these  wood  samples  are  compared  with  those  obtained  by  analyzing  the
heartwood  and  sapwood  of P. canariensis  and samples  of  commercial  wood.  TGA  results  indicate  that  the
Pitch wood  has  a singular  behavior  the  first derivative  of  the  thermogravimetric  curve  (DTG)  with  two
peaks  corresponding  to  the maximum  rate  of  decomposition  of  hemicellulose  and  cellulose  respectively.
The  first  peak  appears  at a temperature  of between  269 ◦C  and  289 ◦C and  the  second  peak  of between
342 ◦C  and  362 ◦C  with  a confidence  interval  of  95%.  Pitch  wood  also  has  an  effective  density  which  differs
by  less  than  10%  of  the  value  of the determined  density  using  helium  pycnometry.

© 2016  Elsevier  Masson  SAS.  All  rights  reserved.

1. Introduction

The Canary Island pine, Pinus canariensis Chr. Sm.  Ex DC in Buch,
is an endemic conifer of the western Canary Islands and the main
forest specie of the Canarian archipelago. This archipelago is located
northwest of Atlantic Coast of Africa and the seven islands larger
surface aligned east to west are: Lanzarote, Fuerteventura, Gran
Canaria, Tenerife, La Gomera, La Palma and El Hierro (Fig. 1). Pinus
canariensis is considered a living fossil that represents an ancient
type of pine diversified into current Mediterranean species [1]. The
fossil records of P. canariensis have been found in Tertiary deposits
of the Mediterranean and Central Europe [2]. The Canary Island
pine is an evergreen tree that grows to 30–45 m high and 1.5 m
in diameter in the trunk, and exceptionally up to 60 m high and
2.5 m in diameter [3] with maximum ages detected in monumental
examples up to 800 years old [4]. The heartwood of P. canariensis
has an extraordinarily high resin content [5].

The wood obtained from this resinous heartwood of P. canarien-
sis is known in the Canary Islands by the name: Pitch wood or Pitch
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pine. This wood is ubiquitous on the Canary historic architecture
[1].

Other woods of the genus Pinus such as Pinus rigida,  P. merkusii,
P. ponderosa and P. caribaea also have heartwood with a resin con-
tent greater than in the sapwood [5]. However, these wood species
are not characteristic of natural forests in the Canary Islands. Ref-
erences about the use of these wood species as original materials
in traditional buildings of the Canarian architecture have not been
found.

The preferential use of Pitch wood as a building material was
made possible by the existence of a large number of large pine trees
in the first centuries after the conquest of the Canary Islands in the
late fifteenth century. The absence of control over the exploitation
of these forests in the past caused great destruction of Canarian
pine. Today almost all of the natural P. canariensis forests are pro-
tected area, and the exploitation of these forests for timber is
restricted. Therefore, the presence of Pitch wood in traditional
Canarian buildings is considered a sign of identity of the canary
heritage that must be preserved.

Pitch wood has exceptional qualities for applications in which
stability and durability are required [6]. Its resistance to the attack
of biotic agents is due to the high resin content. This resin present
in the conifers allows a defensive response to pathogens [7]. The
amount of resinous heartwood of the P. canariensis is directly
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Fig. 1. Location of the Canary Islands (left). Pinus canariensis in the Protected Landscape Las Lagunetas, Tenerife (middle). Traditional Canarian building (right).

related to the age of the tree and the growth rate. The older trees
and those growing more rapidly, especially in their youth, have a
greater diameter of heartwood. Due to these morphological differ-
ences between young and mature trees, until the early twentieth
century, some authors considered that in the Canary Islands two
species of native pine trees existed: white pine and pitch pine [6].

The characterization of materials from the architecture under
study is necessary for a suitable intervention to the historical
heritage. This paper presents a study of thermogravimetric behav-
ior on wood samples taken in six traditional Canarian buildings
constructed between the sixteenth century and the nineteenth cen-
tury. The thermogravimetric analysis could be used as a quick and
complementary tool of preliminary diagnosis of the presence of
pitch wood in the Canarian architectural heritage.

The difficulty of identifying the wood using only macroscopic
techniques is due to the subjectivity that involves naked eye obser-
vation of the characters that distinguish the species of wood, even
more so in the woods used in construction. They have suffered
the loss of characteristic elements to level species of woods, such
as leaves, fruit, buds, etc. [8]. Although there are identification
techniques using an anatomical microscopic description [5], the
identification of wood is considered a difficult activity mainly due
to the complex structure of this material and that this task is
usually very expensive because it requires highly qualified per-
sonnel [9]. Therefore, to have a fast technique that directly allows
a preliminary diagnosis for identification of pitch wood facilitates
maintenance and rehabilitation strategies in the context of the pre-
ventive conservation of historical heritage.

1.1. Thermal degradation of wood by thermogravimetric analysis

Thermogravimetric analysis in the wood is often used for the
kinetic study of the pyrolysis of biomass with the aim to produce
fuels and raw materials for the chemical industry [10]. TGA is a
method of low cost and minimum technical requirements to ana-
lyze the kinetics of devolatilization [11]. TGA has also been used as
evidence to find structural differences between wood species [12]
and classify wood [9]. The degradation of wood in an inert atmo-
sphere is dominated by the behavior of its three main components:
hemicellulose, cellulose and lignin and the proportion of each com-
ponent in the wood varies depending on the species [13] and the
decomposition process of wood is dependent on the composition
and concentration of main compounds [14]. DTG curves are poten-
tially suitable to classify different types of wood [9]. Therefore, the

potential of these curves can be used as fast technique for the pre-
liminary diagnosis of the presence of pitch wood in the Canarian
architectural heritage.

The decomposition of hemicellulose, cellulose, and lignin take
place in a relatively narrow range of temperature, partially over-
lapping [15]. Experimental results show significant differences in
the behavior of the pyrolysis of these three main components
[16] Hemicellulose is easily degraded and its pyrolysis occurs
between 220–315 ◦C [16]; 200–380 ◦C [14]; 197–327 ◦C [17]. The
pyrolysis of cellulose occurs mainly between 315–400 ◦C [16];
250–380 ◦C [14]; 277–427 ◦C [17]. However, the lignin decompo-
sition occurs throughout the range of temperatures: 150–900 ◦C
[16]; 180–900 ◦C [14]; 277–527 ◦C [17]. Inherent differences in the
structures and chemical nature of the three components justified
the different behaviors observed [16].

The DTG curves for different wood species show three states:
dehydration, active and passive pyrolysis [18]. In the first stage
the loss of moisture and absorbed water occurs. In the second
stage (active pyrolysis) two peaks corresponding to decomposi-
tion of cellulose and hemicellulose appear [14]. However, usually
the hemicellulose decomposition on the wood appears as a more
or less pronounced “shoulder” instead of a well defined peak
[19]. Moreover, lignin decomposition occurs in both stages: active
and passive pyrolysis. The wide range of lignin decomposition
temperatures does not allow the appearance of a characteristic
peak attributable to this component in DTG curves on the wood
[16].

Several researchers (Table 1) have studied wood species by
thermogravimetric analysis with different aims. The values of the
decomposition temperature of the components vary with species
and the heating rate [22]. In agreement with literature (Table 1),
the DTG curves for the different wood species show a defined peak
for cellulose decomposition with an average temperature equal to
353 ◦C with 10 ◦C to standard deviation (SD) to heating rates (ˇ) of 5
and 10 ◦C/min. For hemicellulose, the maximum of its degradation
velocity happens at an average temperature of 303 ◦C (SD = 18 ◦C)
for the same heating rates. In all cases found in the literature, this
temperature corresponding to the hemicellulose degradation in
the wood appears as a more or less pronounced shoulder. How-
ever, in thermogravimetric analysis performed on each component
of wood, hemicellulose shows a defined peak [16,23]. This peak
of temperature corresponding to the hemicellulose has also been
observed in other lignocellulosic materials other than wood such
as solid waste from palm oil [24,25].
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