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This study presents the data regarding the influence of two organic solvents (ethylic alcohol and Red Petroleum
from Campeni), mixed with bee propolis, on different wood essences. The impact of these systems was
evaluated by studying several physical-structural dynamic characteristics of the treated samples. The
shrinkage of lime, poplar, fir and oak wood was studied on three sections (longitude – L, tangential – T and
radial – R), for four different variations of atmospheric humidity (100, 85, 65, 25% RH), by gradually lowering
the value (100%→85%, 85%→65%, 65%→25% and 25%→0%). In order to evaluate the impact of the
treatment, two chemometric characteristics were taken into consideration: difference of shrinkage (ΔL, ΔR
and  ΔT) and the ratio of those differences (ΔT/ΔL, ΔT/ΔR and ΔR/ΔL).  At the end of the paper, the volumetric
shrinkage vas studied, alongside with the density and porosity variations of the wood. In order to evaluate
the impact of these systems several chemometric characteristics were used: ΔV, Δρ and Δp. The obtained
results have shown that poplar tree is virtually unaffected by the two treatments, the lime tree is slightly
influenced, while the fir tree and oak tree are the most affected, because the used solutions easily dissolve
their organic components. These components leave the resinous channels and pores of the oak tree, thus
changing the specific weight and porosity. After the dissolution of the organic components present in natural
wood, these solutions create a nano-coating on the surface of the anatomical elements, which confer
detectable behaviours only to the wood species containing volatile components that are not compatible with
the studied organic solutions. The behaviours can be detected during the interactions of the above mentioned
wood species with the hygroscopic moisture in the atmosphere.

Keywords: wood supports, moisture content, atmospheric humidity, propolis, Red Petroleum from Campeni,
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Wood is an organic material which changes continuously
under the influence of atmospheric temperature and
humidity. Moreover, after the wood is put into place it
undergoes a series of regular cleaning interventions, active
preservation and/or restoration using liquid dispersions.
These operations may cause the wood to behave differently
in the presence of hygroscopic water in the atmosphere
[1-4].

Cleaning old paintings by washing, strengthening by
bonding with aqueous or organic solutions and
preservation by immersion, injection or brushing with liquid
fungal insecticide dispersions, affects both the wooden
support and the pictorial layer [2, 4, 5]. In case of easel
paintings, in relation to flexible supports, wood panels have
a number of limitations: they are rigid and require a rigorous
processing prior to use. Wood is a cellulose, hygroscopic
material sensitive to micro-climatic parameter variations,
suffering dimensional changes (“wood expansion/
contraction”) that lead to damage; wood is susceptible to
biological or chemical attacks. It can be altered very easily
by rotting, embrittlement, charring etc. [2, 4, 6-8] .

Furniture, large painting panels are composed of
multiple boards and need frames, feathers or beams,
usually of the same wood, applied as structural elements
on rear or ends. They counter dismemberment and the
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bending tendency of panels or boards. Wood-backed
canvas is used to prevent longitudinal cracking of board
jointing or plugs [9-13].

Thus, as wood is hygroscopic, it contains a certain
percentage of humidity that could be reversed depending
on air humidity, ranging from the fibre saturation point  (30-
36% depending on wood species) and  minimum
hygroscopic water content 0.5% (value limit which may
give rise to micro fibrils expansions, macroscopically
translated as longitudinal cracks). The introduction of
various organic materials, often hydrophobic, will change
the normal fluid balance and will irreversibly affect the
anatomical structures by clogging the wood fibre [4, 14-
22].

The specialized literature explains how the ageing of
painting woodwork has a significant effect on the normal
range of fluid balance variation and hence on the structural
or mechanical characteristics [23, 24].These
characteristics are modified due to the decrease in the
adsorption capacity of crystalline cellulose caused by
conversion into hemicellulose and amorphous cellulose
[25, 26]. These changes are caused by a slow thermo-
oxidative process. This process is caused by the oxygen in
the air, leading to a decrease in wood strength and
hardness. This observation can be explained through the
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reduced content of crystalline cellulose. Lignin becomes
the main component especially resistant to compression.

An accurate knowledge of the mechanical properties
of a painting’s wood components is a fundamental
requirement for the use of such components as
competitive structural materials.  This objective remains
an open question for research due to natural variability
(essence, tree age, wood age, state of preservation, the
cut trunk area, the geographical area of   origin, harvesting
period, etc.), heterogeneity and anisotropy.  Thus, wood
behaves differently in three sections: longitudinal (L) -
Along the fibre, radial (R) - Parallel to the growth rings and
tangential (T) - Growth rings [27-32].

 In this regard, the most important feature in the
conservation of wood-backed paintings is the hydro
mechanical behaviour of wood. Reversible or equilibrium
moisture content continuously varies depending on the
atmospheric humidity and the materials with which it
comes into contact during cleaning, preservation
treatments and restorative interventions (especially liquid
or gaseous materials which produce condensate). The
mechanical behaviour of a wooden element is well and
fully characterized by stress-strain relations, mechanical
testing being the only way to determine the response to
various stress the wood samples are subject to (tensile,
shear, torsion, compression and bending) [13, 33-36].  The
mechanical behaviour of a wooden element is well and
fully characterized by stress-strain relations [37-41].

Several authors using modern non-invasive and real-time
determination have studied the distribution and dynamics
of wood hygroscopic water and its influence on
preservation [23, 33, 42-44].

It is also know that various authors [45-49] studied fluid
balance changes under the influence of natural and artificial
ageing by means of hydrothermal treatment and ultraviolet
photochemical or visible light irradiation of both cellulose
and lignin structures.

Starting from these premises, based on specialised
literature data and the experience of our team, in recent
years an experimental protocol was proposed. This protocol
was meant to assess the impact of new or old wood
treatments with various organic systems used in cleaning,
consolidation, active preservation and patina restoration
on morphological and structural characteristic
modifications involving different chemometric sizes of
wooden supports [3, 4, 50-53].

When assessing the influence of solvents and solutions
used in washing operations or active preservation (e.g.
insectofungicide treatments) on the chemometric
characteristics of wood, the only study method remains
the micrometer measuring of the three sections [54].  It is
a known fact that most wood swells towards annual
growth rings (tangentially). Approximately half of the radial
sectional and a small part of the longitudinal section get
swollen [30-32, 50-53, 55, 56].  For these reasons, the
experimental protocol provided that specimens of different
species of wood, old or new, be cut in rectangular shapes
respecting surface displacement in the three sections (T,
R and L) cut from homogeneous areas and with the
dimension ratio of T:R:L = 4:2:1.

 In 2008, a method for the determination of the normal
range of variation of moisture content of wood has been
developed [51-53]. It has been successfully tested on
various species of wood [57-60]. According to the new
method, the normal range of variation of the fluid balance
(reversible hygroscopic moisture content of the
woodwork) is close to a minimum limit (0.5...1.5%,
depending on the species, the age of the tree, wood age,

state of preservation, etc.). This minimum limit influences
wood destructions at a fibre and cellular level. The
maximum limit is represented by the fibre saturation point
(32...36%, depending on the same already mentioned
variables). This method has wide applications in
archaeometry (to establish the temporal evolution
characteristics) and in impact studies of active
preservation treatments [16, 18-20, 52, 53].

The purpose of this paper is to study the influence of
two organic solvents (alcohol and Red Petroleum) on
wooden supports. The organic solvents are mixed with
bee propolis, often used by our team in the preservation of
wood fibre and cleaning and repair operations [16, 18-20,
57-63]. Propolis has often been used in the synergistic
systems along with tannins, both of which are compatible
with various types of wood used in the installation of
artefacts. The impact of these solvents was evaluated by
studying the dynamic physical and structural
characteristics of treated samples in relation to untreated
samples (considered standard).

The study focused on shrinkage in three sections
(longitudinal - L, tangential - T, radial - R). The types of
wood studied were linden tree, poplar, fir and oak for four
RH values (100, 85, 65 and 25%). There was a gradual
value reduction (100% → 85%, 85% → 65%, 65%→25%
and 25%→0%). The assessment of treatment impact of
organic solutions took into consideration two
chemometrical characteristics: shrinkage discrepancy (ΔL,
ΔR and ΔT) and the relationship between these
discrepancies (ΔT/ΔL, ΔT/ΔR and ΔR/ΔL). Finally, the
studies focused on volume shrinkage, wood porosity and
density variation with a summative assessment of gradual
decrease in atmospheric humidity. The impact evaluation
was conducted using the following chemometric
characteristics: ΔV, Δρ and Δp.

Experimental part
The study focused on four wood species. These were

most commonly used in Romania in the manufacturing of
painting woodwork, namely: lime (Tilia sp.), poplar
(Populus L.), fir (Abies L.) and oak (Quercus petraea L.).
New untreated wood with a stable fluid content was
considered as reference. The study focused on new wood
treated by submerging it in Red Petroleum from Campeni
and 30% alcohol propolis solution dispersed in Red
Petroleum. The volume ratio of the two solutions, Red
Petroleum: alcoholic propolis solution was 5:1. The
samples had a rectangular shape. The sample surface were
displaced according to the three sections (T, R and L) cut
from homogeneous areas and their size being
T:R:L=80:40:20 mm or 40:20:10 mm. Before the samples
were treated, the content of fluid was stabilised by heating
them in the oven at 103±5°C until their mass become
constant. A set of three samples, one for each type of wood,
was used as a reference set and the other sets containing
three samples each were immersed for 60 min in Red
Petroleum and alcoholic propolis solution dispersed in Red
Petroleum, according to a previous study [16, 18-20, 57-
59]. After the samples were wiped with filter paper they
were weighed and measured radially, tangentially and
longitudinally. The next step was to subject the samples to
a hydration process in a climate chamber with a constant
temperature of 20°C with a maximum humidity of 100%,
until their weight become constant. The new dimensions
were measured. The next step was to subject the samples
to a gradual process of dehydration in the same climate
chamber. They were kept inside the chamber until constant
mass was achieved at different levels of humidity (85, 65,
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25 and 0%). The shrinkage was measured after each step
of dehydration. The volume, specific weight and porosity
variation were measured based on the dehydration
shrinkage of the samples, by gradually transitioning through
the four atmospheric humidity levels (100%→ 85%, 85%
→ 65%,  65% → 25%, 25%→ 0%) Two levels of relative
humidity were also considered: “before treatment” and
“after treatment” humidity.

Results and discussions
Figures 1, 2 and 3 show the variation of longitudinal,

radial and tangential shrinkage of the four species of wood
under study. The samples were treated with an alcoholic
solution of propolis dispersed in Red Petroleum from
Câmpeni, under the influence of environmental moisture,
in comparison with the new untreated wood and wood
only treated with Red Petroleum.

If we consider the linden wood, the longitudinal
shrinkage of the samples treated with Red Petroleum varies

Fig. 1. Variation of longitudinal shrinkage (LS):
Type of treatment with the following specifications:
 a - standard (no treatment);  b - treated with Red
Petroleum; c - treated with alcoholic solution of

propolis dispersed in Red Petroleum;
Relative humidity (RH) with the following

specifications: a- 100%; b - 85%; c - 65%;  d - 25%

Fig. 2. Variation of radial shrinkage (RS):
Type of treatment with the following specifications:

a - standard (no treatment); b - treated with Red
Petroleum; c - treated with alcoholic solution of

propolis dispersed in Red Petroleum;
Relative humidity (RH) with the following

specifications: a- 100%; b - 85%; c - 65%; d - 25%
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from untreated wood (standard) and samples treated with
alcoholic dispersion in Red Petroleum based on propolis.
Compared to the control, which shrinks by approx. 0.20%,
the samples only treated with Red Petroleum, initially
expand after treatment with 0.07% and then shrink with
0.17%, whereas the samples treated with the propolis
dispersion initially shrink after treatment with 0.08% and
after the atmospheric humidity drops there is a final
shrinkage of 0.12%.

The radial shrinkage of samples treated with Red
Petroleum is higher and varies differently from untreated
wood (standard) and samples treated with alcoholic
dispersion of propolis in Red Petroleum. Thus, compared
to the control, which shrinks by approx. 0.30%, the samples
only treated with Red Petroleum, initially expand after
treatment with 0.08% and then shrink with 0.36%, whereas
the samples treated with the propolis dispersion initially
shrink after treatment with 0.04% and after the atmospheric
humidity drops there is a final shrinkage of 0.26%.

The tangential shrinkage is the largest, almost double
compared to the longitudinal shrinkage and 1.5 greater
than radial shrinkage. In this case, the samples treated
with Red Petroleum are different from untreated wood
(standard) samples and those treated with alcoholic
dispersion of propolis in red petroleum. Thus, compared to
the control, which shrinks by approx. 0.48%, the samples
only treated with Red Petroleum, initially expand after
treatment by 0.07% and then contracted by 0.55%, whereas
the samples treated with the propolis dispersion initially

shrink after treatment by 0.06% and after the atmospheric
humidity drops there is a final shrinkage of 0.42%.

A similar analysis of other species shows that
longitudinal variations are totally different and radial and
tangential variations are somewhat similar. Worth noting
is the fact that compared to lime tree and fir tree, the poplar
and oak have small longitudinal shrinkages, whereas the
radial and tangential shrinkage variations are similar to
lime, poplar and fir and totally different regarding the oak.

The shrinkage difference of the three wood samples
depending on each direction varied (when the atmospheric
humidity dropped from 100 to 25%) according to this
relation: T> R> L (table 1).

Although lime and poplar wood are soft essences in
contrast to fir tree and oak, they should react to organic
solution treatments in a similar manner. The experimental
data in table 1 confirms this.

Shrinkage variation regarding the three directions is very
different for the two groups (soft and hard essences). Thus,
the most obvious poplar tangential (T) shrinkage
differences grow gradually, almost linear according to the
relation: i<ii<iii, while the lime tangential (T) shrinkage
differences decrease according to the same relation. The
fir and oak trees vary according to similar relations, the ii
treatment being the one with the highest value (i and iii
having extreme smaller values). The fir tree and oak have
different variation regularities than the lime tree and poplar.

The poplar and fir tree behave similar radial (R) shrinkage
variations in the three cases: (i) - untreated samples

Fig. 3. Variation of tangential shrinkage (TS):
Type of treatment with the following

specifications: a - standard (no treatment);
b - treated with Red Petroleum;

c - treated with alcoholic solution of propolis
dispersed in Red Petroleum;

Relative humidity (RH) with the following
specifications: a- 100%; b - 85%; c - 65%; d - 25%

Table 1
 SAMPLE SHRINKAGE VARIATION (%)

DEPENDING ON DIRECTION (ΔL, ΔR AND
ΔT) WHEN ATMOSPHERIC HUMIDITY

DECREASED FROM 100% TO 25%
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(standard); (ii) - samples treated with Red Petroleum; (iii)
- samples treated with propolis alcoholic solution dispersed
in Red Petroleum). Compared to the other two essences,
the lime tree has a maximum value for (ii), while oak has
maximum values for (ii) and (iii).

Longitudinal shrinkage (L) has very small difference
values, about 25 ... 30 times smaller than the tangential
shrinkage (T), with some exceptions in oak: 10 to 18 times
smaller values than radial shrinkage (R). In case of the
poplar, these differences in shrinkage increases almost
linearly for the three groups, while lime and oak have a
maximum value for (ii) while the fir tree has a minimum
value.

Oak and fir tree samples, which have higher density,
interacted more strongly with the organic solutions used
in the experiment, so their dimensional characteristics
varied differently and between broader value intervals. The
difference between the behaviour of the three samples in
relation to the three directions was due to the internal
structure and dispersion compatibility of the systems used

in the experiment with the volatile components of the four
essences.

Table 2 presents a new dimensionless chemometric
mode of highlighting treatment impact on differential
shrinkage characteristic of each of the three directions,
when transitioning from an atmospheric humidity (RH) of
100% to an atmospheric humidity of 25%, using the in-
between ratio values. The obtained values confirm specific
behaviours that are very different from one essence to
another and vary according to the same regularities based
on the data of table 1.

In case of the lime tree, ΔT/ΔL and ΔT/ΔR have
minimum values for (ii) while ΔR/ΔL has maximum
values.

In case of the poplar tree, ΔT/ΔL has gradually declining
values  and a bit higher than the lime and fir tree, while ΔT/
ΔR and ΔR/ΔL are similar, the first ration having an almost
linear increase and second an almost linear decrease.
Compared to the other samples, the oak tree has higher
ΔT/ΔL and ΔR/ΔL values and lower ΔT/ΔR values. In case
of treatment (ii) all values are low.

Table 2
 RATIO VALUES OF SHRINKAGE DIFFERENCES RELATIVE

TO THE THREE DIRECTIONS

Fig. 4. Volume shrinkage variations (VS):
Type of treatment with the following specifications:

a - standard (no treatment); b - treated with Red
Petroleum; c - treated with alcoholic solution of

propolis dispersed in Red Petroleum;
Relative humidity (RH) with the following

specifications: a- 100%; b - 85%; c - 65%; d - 25%
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Compared to other species, the fir tree has the highest
ΔT/ΔR ratio values for the ii treatment.

As expected, the ratios representing the dimensional
shrinkage differences for the three directions varies from
one species to another, whereas the penetration and wood
retention of organic solutions after the treatment depends
on the density and porosity of the wood, the nature of volatile
components remaining after fluid stabilization, the state
of wood preservation and others. These characteristics
induce different speeds of penetration and retention from
one species to another.

This explains the fact that after the treatment, most
hydrophobic activated components of the Red Petroleum
leave the matrix system of wood while propolis and wax
(in low concentration) form a thin membrane on the wood
cell surface that is permeable for reverse circuit water.

For better measuring of the treatment and RH influence
over dimensional shrinkage of the four species samples,
volume, density and porosity shrinkage were analysed
when passing from air humidity (RH) of 100 to 25%.  These
features should correlate the regularities of variation for
each species.

Fig. 5. Specific gravity or density variations (ρ):
Type of treatment with the following

specifications: a - standard (no treatment);
 b - treated with Red Petroleum;

c - treated with alcoholic solution of propolis
dispersed in Red Petroleum;

Relative humidity (RH) with the following
specifications: a- 100%; b - 85%; c - 65%; d - 25%

Fig. 6. Porosity variation (p):
Type of treatment with the following specifications:

a - standard (no treatment); b - treated with Red
Petroleum; c - treated with alcoholic solution of

propolis dispersed in Red Petroleum;
Relative humidity (RH) with the following

specifications: a- 100%; b - 85%; c - 65%; d - 25%
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Thus, figures 4, 5 and 6 show the shrinkage variations of
volume (V), density (ρ), and porosity (p) for the four wood
species under study, after conducting the 30% alcoholic
solution of propolis dispersed in Red Petroleum treatment
(volumetric ratio of alcohol solution: Red Petroleum = 1:5),
under the influence of environmental humidity, as
compared to the untreated fresh wood.

Using the same chemometric analysis approach, table
3 presents the data on shrinkage variation differences *
(%) for volume (ΔV), density (Δρ) and porosity (Δp) of the
four species of wood when the atmospheric humidity
decreases from 100 to 25%.

The analysis of these data shows that the poplar tree is
virtually unaffected by the two treatments, the lime tree is
slightly influenced, while the fir tree and oak tree are the
most affected, because the used solutions easily dissolve
their organic components (ex. fir tree’s resin and terpineol
and oak tree’s tannins or other glucoses). These
components leave the resinous channels and pores of the
oak tree, thus changing the specific weight and porosity.
This is attributed to the strong penetration of the two
solutions. After the dissolution of the organic components
present in natural wood, these solutions create a nano-
coating on the surface of the anatomical elements. These
nano-coatings will confer detectable behaviours only to
the wood species containing volatile components that are
not compatible with the studied organic solutions. The
behaviours can be detected during the interactions of the
above mentioned wood species with the hygroscopic
moisture in the atmosphere.

Conclusions
Based on studies regarding shrinkage due to the

reduction of atmospheric moisture and as a result of
treatments involving ethanol-based solutions and Red
Petroleum, multiple conclusions may be drawn regarding
the four indigenous species of wood (lime tree, poplar tree,
fir tree and oak tree).

In case of the lime tree, the samples longitudinally
treated with Red Petroleum are different from untreated
wood (standard) samples and those treated with propolis
alcoholic dispersion in Red Petroleum solution. The radial
shrinkage is similar. The tangential shrinkage is the largest,
almost double compared to the longitudinal shrinkage and
1.5 greater than radial shrinkage.

A similar analysis of other species shows that
longitudinal variations are totally different and radial and
tangential variations are somewhat similar. Worth noting
is the fact that compared to lime tree and fir tree, the poplar
and oak have small longitudinal shrinkages, whereas the

Table 3
 SHRINKAGE VARIATION DIFFERENCES* FOR VOLUME (ΔV)
SHRINKAGE (%),  DENSITY (Δρ) AND POROSITY (Ap) FOR

THE FOUR SPECIES OF WOOD  WHEN ATMOSPHERIC
HUMIDITY DECREASED FROM 100%  TO 25%

radial and tangential shrinkage variations are similar to
lime, poplar and fir and totally different regarding the oak.

All essences show shrinkage in all three directions (when
the atmospheric humidity decreases from 100% to 25%)
according to the relation: T>R>L.

The lime tree and poplar tree are considered softwood
and react differently than the pine tree and oak tree.
Tangential shrinkage differences the biggest, which
gradually grow, almost linearly, in case of the poplar tree,
according to the relation: i<ii<iii (i - untreated samples
(standard); ii - Red Petroleum treated samples; iii - alcoholic
propolis dispersion in Red Petroleum solution). In case of
the lime tree the relation decreases in a similar way. The fir
tree and the oak tree shrinkages vary in a similar manner:
i<iii<ii.

The poplar and fir tree have similar radial (R) shrinkage
variations, the lime tree has a maximum shrinkage in case
of treatment (ii) and the oak tree in case of treatments (ii)
and (iii).

Longitudinal shrinkage (L) has very small difference
values, about 25 ... 30 times smaller than the tangential
shrinkage (T), with some exceptions in oak: 10 to 18 times
smaller values than radial shrinkage (R). In case of the
poplar, these differences in shrinkage increases almost
linearly for the three groups, while lime and oak have a
maximum value for (ii) while the fir tree has a minimum
value.

The difference between the behaviour of the three
samples in relation to the three directions was due to the
internal structure and dispersion compatibility of the
systems used in the experiment with the volatile
components of the four essences.

Thus, considering the two analyses groups (longitudinal,
radial and transversal shrinkage and volume, density and
porosity variation), wood behaviour can be easily evaluated
using specific chemometric characteristics such as:
variation differences in the three directions (ΔL, ΔR and
ΔT), their ratios (ΔT/ΔL, ΔR/ΔL, ΔT/ΔR) and differences in
volume, density and porosity variation (ΔV, Δρ, Δp) when
transitioning from an atmospheric humidity of 100 to 25%

As expected, the ratios representing the dimensional
shrinkage differences for the three directions varies from
one species to another, whereas the penetration and wood
retention of organic solutions after the treatment depends
on the density and porosity of the wood, the nature of volatile
components remaining after fluid stabilization, the state
of wood preservation and others. These characteristics
induce different speeds of penetration and retention from
one species to another. This explains the fact that after the
treatment, most hydrophobic activated components of the
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Red Petroleum leave the matrix system of wood while
propolis and wax (in low concentration) form a thin
membrane on the wood cell surface that is permeable for
reverse circuit water.

For better measuring of the treatment and RH influence
over dimensional shrinkage of the four species, volume,
density and porosity shrinkage were analysed when passing
from air humidity (RH) of 100 to 25%, cumulating the
shrinkage related to the tree directions (longitudinal, radial
and transversal).

The analysis of these data shows that the poplar tree is
virtually unaffected by the two treatments, the lime tree is
slightly influenced, while the fir tree and oak tree are the
most affected, because the used solutions easily dissolve
their organic components (ex. fir tree resin and terpineol
and oak tree tannins or other glucoses).These components
leave the resinous channels and pores of the oak tree, thus
changing the specific weight and porosity. This is attributed
to the strong penetration of the two solutions. After the
dissolution of the organic components present in natural
wood, these solutions create a nano-coating on the surface
of the anatomical elements. These nano-coatings will
confer detectable behaviours only to the wood species
containing volatile components that are not compatible
with the studied organic solutions. The behaviours can be
detected during the interactions of the above mentioned
wood species with the hygroscopic moisture in the
atmosphere.
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