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Abstract
The present paper presents some disadvantages of using acrylic polymers in the restoration of
old icons on wooden panels. Two acrylic polymers were taken into study: Paraloid B72 and
Paraloid B67. These two acrylic polymers were chosen for several reasons, being well known
and used by the majority of the restorers’ community, due to their dissolution properties and
availability. The two acrylic polymers were used to consolidate samples of old wood
(2x2x1cm). The samples were taken from heavily degraded wooden panels which would not
undergo restoration. The three samples of lime-tree and three samples of oak-tree were then
consolidated each with three different polymeric solutions. In order to determine the way that
this type of consolidation can influence the wood and the disadvantages of using these acrylic
polymers, the following analytical techniques were used: optical microscopy (OM),
CIEL*a*b* colorimetry and scanning electron microscopy (SEM).
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Introduction
One of the major problems that affects the conservation state of wooden artifacts or
artworks (paintings, icons) is the loss of the wood’s structural resistance, due to xilophagous
attacks or dehydration. In order to resolve this problem, wood conservators and scientific
researchers have proposed, tested and analyzed various materials over time. The solution on
which the restorers community agreed was the use of synthetic polymers, most often reported
being Paraloid B67, Paraloid B72 and Paraloid B44 [1-7].
Even though these synthetic polymers have some advantages (reversibility, elasticity,
commercially available etc.), they also have serious drawbacks [8-10].
The purpose of this paper is to present some of the disadvantages of using synthetic
polymers in wood consolidation and to remind the necessity of implementing new consolidation
systems for wooden artworks, with new consolidant products that would not present such
drawbacks.
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Analytical Methods
In order to present the negative effects that consolidation processes with synthetic
polymers can have on wooden panels of old icons, six pieces of wood were selected and treated
with two synthetic polymers, Paraloid B67 and Paraloid B72. These two polymers were chosen
due to their frequent use in Romania in woode panel consolidation and their low cost and wide
commercial availability.
The consolidation polymeric solutions were obtained by dissolving the two synthetic
polymers (Paraloid B67 and B72) each in three different solvents: acetone, turpentine and
xylene.
In order to determine the modifications that take place after the consolidation process,
the following analytical techniques were implemented: OM, SEM-EDX, and CIE L*a*b*
colorimetry.
The wood pieces and samples taken from them were analyzed, both before and after the
consolidation treatment, by using a CARL ZEISS AXIO IMAGER A1m microscope, with
AXIOCAM camera attached (5X-20X), a scanning electron microscope VEGA II LSH, made
by TESCAN, Czech Republic, coupled with an X-ray spectrometer, model QUANTAX QX2,
made by BRULER/PROENTEC, in Germany.
The chromatic modifications were measured by comparison between before and after
consolidation stages, through CIE L*a*b* colorimetry, using a LOVIBOND 300 Reflectance
Tictometer.
An initial measure was performed for each surface of the six pieces of wood and the L*,
a* and b* readings were used to calculate the initial ΔΕ* or the position in the color scheme,
before the consolidation treatment [11-18]. After the consolidation treatment was performed on
all six pieces, six new CIE L*a*b* measurements were performed on each piece, on the same
place at different time intervals (0, 4, 8, 24, 48, 72h).
The colour difference indicator ΔE* is calculated according to the commonly used
equation:

ΔE * = (ΔL* ) 2 + (Δa * ) 2 + (Δb* ) 2
In order to determine the chromatic evolution, the deviation was calculated for every
coordinate (L*, a* and b*) in rapport with its initial value, on each sample and on the same
place. Finally, the total change of colors was calculated in each point, using the following
equation [11-12] in which:
- ΔL* is the change of the light in the point, on different time intervals, compare with the
initial value: ΔL* = L1*–Linitial*;
-Δa* is the chromatic deviation of the a* coordinates (red and green color) of the same
point, on different time intervals, compare to the initial value: Δa* = ΔL* = a1* –ainitial*;
-Δb* is the chromatic deviation of the b* coordinates (yellow and blue color), respecting
the same mathematic formula: Δb* = b1* –binitial*.
The weighting of the sample was also done before and six times after the treatment using
a KERN electronic scale, with an accuracy of 0,001 g, at different time intervals (0, 4, 8, 24, 48,
72h).
Results and discussion
The choice and elaboration of the six pieces followed a pre-establish protocol. First the
wooden panels from where the pieces were taken had to be severally affected by strong
xilophagous attacks. The pieces were taken from two different wooden panels, made one from
lime-tree and the other from oak-tree. The two wood species were selected because these are
two of the most often used in making the old icons in Romania.
Three lime and three oak wooden pieces were taken, with the following dimensions:
20mm x 20mm x 10 mm. The samples were labeled from P1 to P6, as follow:
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- P1, P2 and P3 lime-tree pieces
- P4, P5 and P6 oak-treepieces
The pieces and samples taken from them were first analyzed through optical microscopy,
at different magnifications (5X-20X).

Fig. 1. Optical microscopy of the surfaces of the six wooden pieces, before consolidation treatment:
a, b and c – oak-tree pieces 200X (P1-P3);
d, e and f – lime-tree pieces 200X (P4-P6);

The OM technique done on the surface of the six pieces allowed us to observe the
differences between them. The first three lime-tree pieces are covered with a thinner layer of
dirt (Fig. 1).
OM analysis was also performed on samples taken from the inner part of the samples in
order to determine the structural resistance of the collected pieces. As shown in figure 2, both
types of wood, lime and oak-tree, are affected by xylophagous attacks, which lead to a low
structural resistance of the wood.

Fig. 2. Optical microscopy done on samples taken from the wood pieces,
before consolidation treatments: OM for P3 (5X); b) OM for P4 (5X);

SEM-EDX analysis was done afterwards on the six samples taken from each wooden
piece selected for the experiment.
The SEM results of the analysis done on the samples taken from the six wooden pieces
before the consolidation treatment confirmed the OM results regarding the poor structural
resistance of the wood, due to the xilophagous attack (Fig. 3).
Each of the six pieces of wood were also submitted to CIE L*a*b* measurements and
weighting. The initial measurements data are given in Table 1.
http://www.ijcs.uaic.ro
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Fig. 3. SEM microscopy of the six samples before the consolidation treatment:
a - Sample taken from P1 (200X, BSE); b - Sample taken from P2 (200X, BSE);
c - Sample taken from P3 (200X, SE); d - Sample taken from P4 (200X, SE);
e - Sample taken from P5 (100X, SE); f - Sample taken from P6 (200X, SE);
Table 1. Initial ΔΕ* of the surfaces and weight of the six samples of wood, before the consolidation treatment.
ΔΕ*
Weight

P1
55,5009
1,0964

P2
55,4835
1,1452

P3
50,8917
1,1071

P4
19,1394
1,1653

P5
19,9428
1,1674

P6
20,3481
1,0973

After implementing the OM, SEM and CIE L*a*b* techniques on the six samples taken
from the six pieces of wood selected for this experiment, the pieces underwent the consolidation
treatment. The polymeric consolidation solutions were obtained by dissolving the two synthetic
polymers, Paraloid B67 and Paraloid B72 each in three different solvents with different degrees
of toxicity and evaporation: xylene, acetone and turpentine.
The concentration of the six solutions was set to 10%. In order to obtain the solutions,
10mg of Paraloid B67 and 10mg of Paraloid B72 were mixed with 100mL of each of the three
mentioned solvents. The obtained solutions were named as follows:
S1: Paraloid B67, dissolved in xylene 10%
S2: Paraloid B67, dissolved in acetone10%
S3: Paraloid B67, dissolved in turpentine 10%
S4: Paraloid B72, dissolved in turpentine 10%
S5: Paraloid B72, dissolved in xylene 10%
S6: Paraloid B67, dissolved in acetone 10%
After the six solutions were obtained, the six pieces of wood were treated, as follows:
S1-P1, S2-P2, S3-P3, S4-P4, S5-P5 and S6-P6. Each sample was treated with the solution
through cold immersion, for 4 hours [19].
At the end of the consolidation treatment, the six pieces underwent a new set of the same
analyses (OM, SEM-EDX, CIE L*a*b* and weighting) in order to determine the exact
modifications that have appeared after the treatment.
Again, the first technique implemented was the optical microscopy.
The OM analysis shows the fact that while the solid surface of the samples is well
covered (Fig. 4a, b and d), the inner part of the pieces, where the cellular structure of the wood
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has collapsed, is not completely consolidated, free spaces still being observed in both lime (Fig.
4e and f) and oak-tree (Fig. 4c) samples.

Fig. 4. Optical microscopy of the samples taken from the pieces, after the consolidation treatment:
a - Sample taken from P1, treated with S1; b - Sample taken from P2 treated with S2;
c - Sample taken from P3, treated with S3; d - Sample taken from P4, treated with S4;
e - Sample taken from P5, treated with S5; f - Sample taken from P6, treated with S6;

Fig. 5. SEM microscopy of the six samples after the consolidation treatment:
a - Sample taken from P1 (200X, SE); b - Sample taken from P2 (100X, SE);
c - Sample taken from P3 (200X, SE); d - Sample taken from P4 (200X, BSE);
e - Sample taken from P5 (500X, BSE); f - Sample taken from P6 (200X, SE);

This is one of the disadvantages of using synthetic polymers. When the wood cellular
structure is totally collapsed, the polymer does not have a solid cellular wall to attach to and
cannot completely consolidate the sawdust like wood.
These OM obtained information were confirmed through SEM. The “sawdust” like
aspect of the samples can also be observed through SEM (Fig. 5).
Another disadvantage of using the two synthetic polymers is the chromatic modification
that the treated wooden panel suffers [20, 21], as seen by comparing figure 1 and 2 with figure
4. In order to determine the chromatic changes the samples were analyzed again with CIE
http://www.ijcs.uaic.ro
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L*a*b* after the consolidation treatment. The first measurement was done right after the
consolidation treatment, and then after 4h, 8h, 24h, 48h and 72h respectively.
After analyzing the results of these six colorimetric measurements done on the treated
pieces, it was determined that the pieces reacted differently, due to the different solvent in
which the two synthetic polymers were dissolved.
None of the three pieces of oak-tree consolidated with the Paraloid B67 regained its
original color after the evaporation of the solvents, all three remaining about 10% darker. The
biggest chromatic change was observed at the piece treated with Paraloid B67 dissolved in
turpentine (P3). The same oak-treepiece had the lowest rate in turning back as close as possible
to its original color, compared to the other two oak-tree pieces treated with the same polymer
(P1 and P2), but dissolved in xylene and acetone (Fig. 6a). This difference is due to the fact that
turpentine has a lower evaporation point then acetone and xylene.
The initial chromatic change was higher in the case of the three lime samples treated
with Paraloid B72 dissolved in the three solvents. Again the piece treated with turpentine (P4)
had the lowest rate in turning back to its original color, for the same reason mentioned above
(fig. 6b).

Fig. 6. CIE L*a*b* colorimetric analysis of the six wood samples:
a - CIE L*a*b* analysis on the oak-tree samples P1, P2 and P3;
b - CIE L*a*b* analysis on the lime-tree samples P4, P5 and P6;

Fig. 7. Weight measurements of the six wood samples:
a - Weight measurements on the oak-tree samples P1, P2 and P3;
b - Weight measurements on the lime-tree samples P4, P5 and P6;

The weight of the samples also changes after the consolidation treatment. The weight
evolution curve of the six samples can be observed in figure 7. Again the samples consolidated
with the polymers dissolved in turpentine are the most affected, their weight being
approximately 15% higher (P3 and P4) then the original weight.
The consolidation with the presented synthetic polymers does not affect only the wooden
panels consolidated, but also the restorer and the environment due to the fact that the most
354
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commonly used solvents are toxic [22-25]. Despite the fact that the use of xylene was
abandoned in countries around Europe, in Romania is still one of the most used solvent for
obtaining consolidation solutions.
Conclusions
The consolidation of six different pieces made of lime and oak-tree respectively with
polymeric solutions of Paraloid B72 and Paraloid B67 dissolved in 3 different solvent (acetone,
turpentine and xylene) was evaluated and led to following conclusions:
- The inner part of the pieces, where the cellular structure of the wood had collapsed, is a
not completely consolidated, free space still being observed in both lime and oak
samples.
- After analyzing the results of these six colorimetric and weight measurements done on
the treated pieces, it was determined that the pieces reacted differently, due to the
different solvent in which the two synthetic polymers were dissolved, the samples
consolidated with turpentine dissolved polymers being the most affected ones (P3 and
P4).
- None of pieces return to their original color and weight.
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