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Abstract

This work studies the impact of two traditional Raman treatments, Red
Petroleum and Propolis, in terms of real efficiemey consequence on the wooden
artifacts. The application of these solutions il st widely adopted and popular
technique in preservative conservation but the ohph these solutions is not well
known. It is important to know the effect of treaimts on chemical-physical and
structural characteristics of the artifacts, nottydor understanding the influence on
present conditions but also for foreseeing theréutehavior. These treatments with
Romanian traditional products are compared wittomrmoercial antifungal product,
Biotin R, which is utilized as reference to contited effectiveness of Red Petroleum
and Propolis.

Colour is measured before and after treatmentsdamiehg the exposure at
different RH (100% - 65% 25%) at constant tempe&ea{@0 °C). The colour in panel
painting has a fundamental importance during thecess of conservation and
restoration. It is one of the most vital missionskeep original colour as much as
possible in conservation and restoration proceSd®s.penetration of solutions (Red
Petroleum and Propolis) is fully characterized BIRFATR analysis, providing
suitable markers for the identification of the smlns. Treatment by immersion has
impact on wood physical parameter while treatmentbbushing does not have
significant impact.

Red Petroleum and Propolis are not active agastld while Biotin R is
very active. Mould attack is mostly concentratedthe painted layer, where the
tempera, containing glue and egg, enhance nut@i@iability for moulds. Biotin R,
even if is not a real insecticide but a fungicid@s the most active product against
insect attack of the three products, followed by Retroleum, Propolis and untreated

reference.



As for colour, varnish does not affect it, whiteete are some differences after
treatments application. Colour did not change seahmafter the application of Red
Petroleum and Biotin R and the colour differences \@bnost not perceptible. On the
contrary, Propolis affected the colour a lot. Dgrihe exposure at different RH, the
colour changes significantly at 100% RH at equilibr and this is mainly due to the
mould attack.

Red Petroleum penetrates deeply into wood, whibpélis does not penetrate
and remains only on the surface. However, Red RRetro does not interact
chemically with wood substance and it is easy vdat in oven-dry condition. On
the contrary Propolis interacts chemically with wW@ubstance and hardly volatilized,
even in oven-dry condition and consequently Pr@pmdmains where it penetrated,
mostly on the surface.

Treatment by immersion has impact on wood physmaiameters while
treatment by brushing does not have significantachpEspecially Red Petroleum has
an apparent impact on moisture content (MC) dubd@enetration of solution, while
Propolis does not penetrate so much and remainsaonkurface therefore Propolis
does not have so much impact as Red Petroleum. wowd the weight of the
solution penetrated in wood is eliminated, ther@as significant difference in MC
between treated and untreated samples. Considanygical parameters, dimensional
stability is an important parameter. The variatadfnwood moisture content causes
shrinkages/swelling of the wood that polychromestagan only partially follow. The
dimension of wooden supports varied under diffenemtisture conditioning; the
painted layer cannot completely follow this defotima, and consequently a
degradation and deterioration caused by detachroeotirs. That detachment affects
the polychrome stratification of the panel paintiagd eventually the connections

between the different layer compositions of thegbgainting.
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CHAPTER 1: INTRODUCTION



1.1 Need and issues for preservative interventions for panel paintings

For this thesis, preservative intervention is defined as preventive conservation
for wooden support by use of treatment solutions in order to conserve panel paintings
in good condition or not to get them in worse condition for panel painting. Physical
parameters (density, porosity, shrinkage and moisture content) are indicators for
evaluating the effectiveness after treatment, through the comparison with the same
parameters measured before the treatments.

Panel paintings are essential components of Cultural Heritage al over the
world (Arbizzan 2004). Especially in Romania, icons are one of the most important
heritages. Recently their protection and conservation has become more and more
important, and scientific analysis can offer the physical, chemical and structural
characterization of the material composing panel paintings.

Wooden support is the main material for panel paintings. The most important
part is surely a painted layer, but the painted layer cannot exist without a support: the
artifact is a unique composed object, made of a wooden support and a composed
painted layer, which are inseparable. This material (wood) reacts to the environment,
in which it is conserved. It expands and contracts as the temperature increases or
decrease respectively. Furthermore, as many hygroscopic materials, it will adsorb
water vapor when the relative humidity (RH) increases, which will cause it to expand.
On the contrary when the RH decreases, it will release moisture, causing a contraction.
Wood is extremely sensitive to RH (more than to temperature), however, not all
materials expand and contract at the same rate. Thus, stresses are created at the
interfaces between different materials, such as the stratifications present in a panel
painting, as they push and pull against each other. Over time, these stresses can cause

the deterioration of panel paintings.



Taking into account that, preventive conservation is ided, it is necessary to
improve storage conditions of panel paintings, in order to avoid the necessity of
restoration. The condition of storage (factors of environment) consist of al the factors
around or surrounding the panel painting. These elements should not be alowed to
influence panel paintings in a negative way. In Romania many panel paintings lay in
uncontrolled conditions, inside historic buildings (museums, churches, monasteries
and storages), where it is very difficult to constantly maintain the climate condition,
even if they are equipped with a climate control system. Variations of temperature and
RH are principle hazards for preservation of panel paintings. In that case, treatment
interventions can be necessary for their longevity and durability.

Investigation of the response of wood to the variations of RH showed that the
external zone of wooden supports, at least to the depth of several millimeters,
continuously absorbs and releases water vapor, which results in a gradient of moisture
content and stress development (Time 2002; Jakiela 2007) The most extensive efforts
to determine the response of the wood to fast RH variations have been undertaken so
far in the context of conservation science. Dionisi Vici et a. (2006) have reported an
extensive research on wooden boards 4 cm thick, ssimulating the supports of panel
paintings, subjected to different RH. Jakiel et a. (2007) have found that the
systematic numerical modeling of the moisture changes and resulting stress field has
provided insight into the response of wooden cylinder, an important case imitating
wooden scul ptures. Due to the climatic condition, wooden support is under the hazard

of abiological attack, by insects and fungi.



1.2 Scope of thesis

There are numerous preservative solutions to treat panel painting; however,
there are few published resources that show the impact of traditiona Romanian
treatments such as Red Petroleum and Propolis used for the conservation
interventions. The advantage of these solutions is considered ecological, lower cost
and without health risks (Sandu 2008). The application of these solutions is still a
widely adopted and popular technique in preservative conservation but the impact of
these solutions, in terms of real efficiency and consequence on the artifacts, is not
well known. It isimportant to know the effect of treatments on chemical-physical and
structural characteristics of the artifacts, not only for understanding the influence on
present conditions but also for foreseeing the future behavior.

These treatments with Romanian traditional products were compared with a
commercia antifungal product, Biotin R and it was utilized as reference control of
effectiveness of Red Petroleum and Propolis for mould and insect attack.

Experiments were conducted on wood samples made of fir (Abies alba Mill.),
poplar (Populus sp.), lime (Tilia sp.), and oak (Quercus petraea Liebl) because they
were the most widespread and important species used to manufacture wooden
supports of panel paintings. All the samples of each species were obtained from the
same plank, in order to be well matched and reduce the problems due to the natural
variability of wood.

This thesis will provide conservators, restorers and other preservation
professionals with one of the first resources to compare the effectiveness, colour,
penetration and physical parameters of the wood treated with Red Petroleum and

Propoalis.



CHAPTER 2: BACKGROUND



2.1 Panel painting

In this research, icons have been supposed to teprasentative of panel
painting in Romania. Icons play a leading rolehe titurgy and became major cult
object in the Orthodox Church. Its intercessorg foétween heaven and earth and the
prayers have been made the icons a necessity fodadual to gain moral strength,
salvation of the soul, and spiritual exaltation{Beska-Korobar 2004). The icons are
an integral part of public and private life and afdhe most important cultural and
religious heritages in Romania. The medium usethast icons is traditionally egg
tempera. For this reason, small wood samples witipera painting have been used

in the experiment of this research.

2.1.1 Structure of panel painting
There is stratification in panel painting as fallng Fig.2.1., mainly support

(wood panel), ground layer, paint and varnish |g{attens 1966).

— Ground layer separation
Picture layer separation
Color layer separation

Varnish layer separation
Paint layer separation E
i, !
‘@-@’Ww — Varnish layer

)

______ g N |
- Paint layer
Picture layer
— Ground
-- Wood panel

O varnish layer Color layer B color layer B color layer O Ground

Fig.2.1. Structure of panel painting



Support refers to any material onto which paint is applidtod, canvas and
paper are common painting support, but the typsupports used for the artwork is
very variable. In this research, wood is used sgpgport of panel painting. Wood has
served for centuries as a support for paintinggdlr because of its strength and
availability. The support is without doubt the paont of artwork which has suffered
the greatest neglect in contemporary restoratighia inevitably tends to concentrate
on the images (painted layer). However, it is er&ly important to control the
behavior of wood support in order to conserve paaeiting in good condition.

Ground layer is applied on the support to provide a pagnsurface with the
desired colour, texture and porosity and for eggptera this should be a traditional
gesso. This layer is a mixture of some form of whing (in this research gypsum was
used, being the most popular material for iconsbrtaskin glue and water. The
support must first be sized with a layer of ralsin glue which acts as an isolating
coat and helps to bind the gesso to the support.

Paint layer is composed by medium and pigment. Egg teanjzeone of the
oldest mediums in painting. It consists of dry pegy water, egg yolk, vinegar and
albumen. Medium is the vehicle that binds pigmeattiples together to make the
paint. Egg yolk, vinegar and albumen are the medmmiempera. Pigments are not
only used in tempera, but can be used for fresocalestic and watercolour paints as
well. Painting layer is not only tempera paintingt lalso oil painting, using pigment
dispersed in oil. It is not well known how oil paing was first developed, but in
Western Europe there are indications of its use fap least the 2century AD, and
it was widely used from the Renaissance time.

Varnish is a final layer applied to a painting after ifiished and completely
dry. It is a natural or synthetic resinous coatitgfunction is:

- to protect the paint layer from dirt, dust andlygamn in the environment
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- to modify the optical effects of the paint sudac
- to increase colour saturation
- to control the glossiness
It is important to consider that panel paintingasnposed by these different layers

and different materials.

2.1.2 Typology of the conservation state

The resistance of the wooden panels or elemenpgiofings depends on the
environmental agents and on the chemical or biok@ttack. Also species, age and
complexity of the structural and functional elenserdre fundamental for the
preservation of wood’s state against the aggressas of the environment. In order
to increase the resistance to all these agentprésent practice of restoration applies
varioustreatments with multiple protection purposeanti-insect, anti fungal (mould),
fireproofing and waterproofing treatments, that should not damage the esthetical
appearance and that can assure the structurdiztibn and the preservation of the
chromatic palette and integrity. These treatmentgeo be applied according to the
principles of conservation, considering the age,dtnuctural complexity and cultural
value of the object.

The analysis of the conservation state of woodejectd deals with the
deterioration and degradation effects of the ctmsie elements of panel painting:

support, paint layer and varnish layer. (Sandu 1998



(a) Carbonized and rotted wood

Fig.2.2. Damages of wooden panel

2.1.3 Typology of degradation and deterioration opanel painting

(b) Fungal &ttac (c) Xylophagous insect attack

Degradation changes the chemical nature of a material and related to

chemical, electrochemical and microbiological and related to physical-mechanical

and climatic processes.

In Table.2.1., the specific process is given fothetype of degradation and

deterioration effects, considering the order ofrtirequency.

Table.2.1. Typology of the defects and deterioretiof ancient panel paintings

(Sandu 1998)

No. Structural Defects Deteriorations
element
l. Support
Contractions, erosions,
surface small cuts ang 9
1. Wood .| insects, cracks, looses and
removal of wooden materials . X
displacement of slats,
etc. ;
warping, detachments  pf
planks, deposits.
Il. Painting layer
Cracks or craquelures, slitting,
Non-even and inhomogeneoysloss of cohesion, loss pf
5 Grounds | layers, mechanical impurities| adhesion from the support,
" |(preparation)| loss of binder, adherent lacunas, alveolar Dblisters,
deposits etc. exfoliations, holes, fragility,
erosion.




Non-even and inhomogeneol

Craquelures, cupping, blin
iIsscales, exfoliations, fragility

layers, mechanical impurities| erosion and abrasiors,
3. | Color layer . . .
loss of binder or varnish, lacunas, loss of adhesion fram
adherent deposits etc. the ground, brittleness,
blisters.
[11. Protective layers
aXc?rIgIcShfgrs Non-even and inhomo eneouscraCks’ wrinkling, —fragility
1cq . 9 exfoliations, scales, lacunas,
with layers, mechanical coarse . :
. : . .| semi-adherent deposits,
4.| protection | impurities, looses of materials, . .
) . matting or whitening,
and ageing micro cracks, loss of bl : . 4
aesthetical | adhesion etc ooming, erosion an
: ' abrasion, spots, etc.
function
V. Other structural elements
. . : Detachments, cracks, losses of
Defects in the reinforcing : . .
o material, fissures, warping,
5. Frames systems, rough finishing, ) )
holes and galleries of insects,
surface cuts ) : .
biological deposit.
Ornamental Detachments, cracks, losses of
wooden il fi .
decorations| Assembling and mounting in g material, fissures, warping,
6. and metallic| wrong wa holes and galleries of insects,
“rizas” or g way biological deposits, erosign
and abrasions, punching etc
covers
Defects in the reinforcing Detachments, cracks, losseg of
systems, rough finishing, material, fissures, warping,
7.| Stretcher ) )
surface cuts and loses of holes and galleries of insects,
wooden material biological deposits
. Detachments, cracks, losseg of
Angle and | Sharp angles or corners in : . .
: - material, fissures, warping,
8.1 metallic contact with surface of the . . g
holes, biological deposits,
elements | structural elements ) 4 .
erosion, abrasion, punching
. , Detachments, cracks, losses of
Defects in re-assembling the : . .
. . : material, fissures, warping,
Reinforcing | planks, fissures and . )
9. holes and galleries of insects,
systems | detachments of planks, loss ¢f | . . .
biological deposit],
wedges or slats .
displacement or loss of slats
Detachments, cracks, losseg of
Handles Sharp angles, corners or material, fissures, biological
10, . . | borders in contact with surfage UL ’
rings, nails deposits, displacement or lgss

of the structural elements

of metallic elements




2.2 Behavior of wood used for support of panel patmg

There are four important wood technological chamastics: Anisotropy,
Hygroscopicity, Biological resistance and Variatili
2.2.1 Wood structure

Fig.2.3. shows wood structure in Bark
trunk. Starting from theentral pith, a fresh
layer of wood is formed each yee g, 0 :
surrounding that of previous year and lying
underneath thdévark. Year by year a fresh |
ring is added to those already formed.

As the process of formation of ne\ Heartwood
rings continues, the inner or older rings cease
to constitute part of the living portion of the
wood body of the tree, becoming a central
column of support, and acting as a storehouse
of water.

Surrounding this centraheartwood,
which is sometimes darker in color, is a zone
of wood consisting of varying number of year

Pith
rings, usually lighter in color than the

heartwood and is calleshpwood
This sapwood is still alive, and takes )
Fig.2.3. Wood structure in trunk
part in conducting water from the roots to the  (transverse section of an oak)

(Nicolaus 1999)
leaves of the tree. Between the outermost year

ring and the bark is a ring of actively growingstie called theambium.



2.2.2 Wood direction and cut
The combination of the axial direction of longitodi cells and cell
arrangement in growth rings gives to wood tisssgeaftisotropy: its properties are

significantly different in its three structural dations (Fig.2.4.).

" @ ©
©)
I —

(a) Longitudinal direction (b) Radial direction (c) Tangential direction

»

Fig.2.4. Three structural directions of wood
Tangential sections and radial sections are usedufgport of panel painting.
Tangential sections are made perpendicular to dlge and tangential to the annual
rings and face of log. Radial sections are madegatbe rays or radius of the log, at

right angles to the annual rings (Fig.2.5.).

(Left) Transversal section (Center) TangentialisactRight) Radial section

Fig.2.5. Fundamental anatomical plane (Nicolau$9)99

It is essential to understand the anisotropic biehaf wood, which manifests
itself in many of its properties, in particular siking and swelling, mechanical

characteristics etc (Uzielli 2006).
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2.2.3 Seasoning of wood

Wood used for panel painting has to be seasone@dube natural wood has
certain defects, such as the tendency to warp eauk.cThe wood should be free of
resin and gums and grown on poor soil in tempestateates and cut down in winter
as the best period. In Italy, the white poplar agely used for panel paintings,
while in Flanders oak tree was mostly used.

In order to understand the seasoning process thrahgch wood devolves, it
is necessary to know something of the microscopgctire of the wood. Wood
consists of cells, with an external thick wall aad inner hollow space (the lumen),
which in the greenwood is more or less full of wafehe walls of these cells also
consist of material by which water is absorbed wheth is able to take in or to give
up water according to the amount of humidity in dlve

When the wood is allowed to dry, the lumen’s wditest disappear and then
the cell walls begin to lose water progressivelyey never lose the water completely
until the wood is heated to a temperature at whiepins to decompose. Therefore,
the seasoning of the timber is the reduction inaim®unt of water it contains, to an
average, in equilibrium with the storage environmamd as long as this amount is
maintained, the wood does not warp or crack. Ths@a@ng in bulk is a slow process
and after the wood is cut it requires to be seatagain. The processes for seasoning
make use of natural air storage or hot air andstea
Pre (or post) treatment before/after real seasoning

Cennino Cennini recommends boiling in water andntlrying afresh
(Cennini 1954). Sir Arthur Church advises soakimgvater at 50C degrees and then
steaming (Laurie 1967). Kiplik speaks of treatirige twood against cracking by
boiling it in water for 4 — 8 hours (the solublengmonents are eliminated from the

fibers) followed by steaming at 40 — 8G. The Russian iconographers used to treat
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the seasoned and dried panels for icons by immersiwvater at 50C, followed by

drying and swabbing with mercury chloride (Nicoldie99).

2.2.4 Physical parameter
Moisture Content (MC)

Many of the technological peculiarities which digiish wood from other
materials derive from its particular affinity to tea (hygroscopicity). The degree of
MC greatly influences almost all the technologichhracteristics of wood, such as
dimensional variations, mechanical strength, edagtisusceptibility to be decayed by
fungal attack, and strongly conditions of the consgon of wood objects (Tsoumis
1991; Uzielli 2006).

The moisture content of wood in living trees, varfeom about 30 to 300%.
This variation is influenced by different factossich as tree species, position of wood
in the tree, and season of the year.

In softwoods, heartwood has lower moisture contdr@n sapwood. In
hardwoods, the differences are not so pronounagati sametimes the situation may
be opposite. Vertical variation of moisture is alsore pronounced in softwoods,
where an increase was observed from the base timphef the trees. In hardwoods,
the differences are comparatively small, and thsr@o definite tendency in the
vertical direction (Tsoumis 1991).

Moisture held in wood

The basic reason for moisture entering into thesnosvood is the attraction
of water molecules by the hydroxyls groups of deBe, its mainly chemical
constituents. There are the following phases oewiat the mass of wood (Takahashi

1995):
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Bound Watel(in cell walls) (moisture content < 30%: Fiber @ation Point)

- Monomolecular adsorbed water (moisture content < 5-6%)

A monomolecular layer of water is formed and hejdtiiiese hydroxyls with

strong hydrogen bonds and Van der Waals force. &wom of this layer

results in pushing apart chains of cellulose madéscun the amorphous
regions and between the crystallites of the mibrd§, so that wood starts to
swell.

- Polymolecular adsorbed water (moisture content > 5-6%)

Under the effect of secondary attractive forcesremmater molecules enter

and form a polymolecular layer. Polymolecular lagémater is held by Van

der Waals force one after another.

- Capillary condensed water (moisture content < 30%)

Capillary condensed water is the water in cell-wallds and pit features (pit

membrane openings, small pit mouths), which is pced when the relative

humidity gets more than around 90%.

The fluctuation of monomolecular adsorbed water goalymolecular
adsorbed water affects the physical and mechacdizahcteristics of the wood. These
two kinds of water are held with wood substancesadly or indirectly.

The above phases (monomolecular, polymoleculaill@gpcondensation) are
not clearly separated.

Free Wate(in cavities) (moisture content > 30%: FSP)

After saturation of the walls, liquid water may alenter cell cavities. Free
water is held by capillary attractive force, whishnot held with wood substances
directly or indirectly. The fluctuation of free veataffects the gravity, thermal, and

electrical properties of wood.
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Hygroscopic equilibrium

Wood exposed to constant conditions of temperatnderelative humidity, for
a sufficient time, desorbs or absorbs moistureeddimg on its original hygrometric
condition, and finally retains a certain quantifynmisture. This is calledquilibrium
moisture content. Equilibrium moisture content does not exist in @mcontrolled
atmosphere, because both temperature and relatmality are subject to continuous
change. To achieve an equilibrium condition, woodsmbe placed in a closed
container, where temperature and relative humihty be kept constant.

When relative humidity increases, equilibrium maistcontent also increases;
however, when temperature increases, equilibriumistin@ content is reduced.
Differences exist between different species, betythre exhibited mainly at high
relative humidity. Low values of equilibrium at higrelative humidity may be
attributed, as a rule, to a high content of exivast

Equilibrium moisture content shows differences wiveod loses moisture for
the first time, or adsorbs moisture after dryingdesorbs moisture, which has been
previously adsorbed. Equilibrium is greater in dpson than in adsorption. The
phenomenon is calledysteresis, and it is a characteristic property of all celkit
materials. It should be noted that, after the ahitlesorption of green wood, its
hygroscopicity is permanently reduced at high netalhumidity (Tsoumis 1991).

It may be concluded that equilibrium moisture cohtes affected by wood
species, especially at high relative humidity, agdysteresis; however, these effects
are small and practically unimportant. Also, edwilim is independent on the
condition of the surface of wood (rough, smogthjnted, etc.), air velocity, and
growth-ring orientation (transverse, radial, tartggh These factors do not affect the
final equilibrium although they do affect the ratemoisture exchange between wood

and atmosphere.
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Table.2.2. Characteristic wood moisture contentiesl(Nicolaus 1999)

Oven-dried wood 0%
Equilibrium moisture content (EMC) in central-hehteoms 6-8%
EMC in stove heated rooms 8-10%
EMC in normal conditions: (2@, 65% relative humidity) 12%
EMC of wood stored in open air

o _ 14-20%
(air-dried wood, summer approx. 15%, winter app@H&no)
Minimum wood moisture content at which staining avabd-rotting

_ 18-20%

fungi attack
EMC at approximately 100% relative humidity (filsaturation point) 28-32016

Moisture under variable atmospheric conditions

The moisture content of wood does not remain coiisitals subject to change,
because the atmospheric conditions of temperatme r@lative humidity are
continuously changing from hour to hour, day to,dapnth to month, and so on.
Aside from temperature and relative humidity, aielocity may exercise a
considerable influence, because it affects theafeoisture evaporation.

The moisture that wood holds at a certain momepénés on species, source
(heartwood, sapwood), thickness, surface conditiang direction of moisture
movement. These factors affect the rate of moistuwgement in the mass of wood.
Higher density, greater thickness, and non-hygnoscoover (ex. paint) have a
retarding influence; whereas movement of moistu@ugh transverse surfaces
(parallel to grain) is 10-15 times faster in conig@m to movement from radial and
tangential surfaces.

Importance of Hygroscopicity
Hygroscopicity is an important property of wood.altfects all other basic wood

properties (density, shrinkage, mechanical proggrtietc.). Hygroscopicity is a
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disadvantage property of the wood as a mater@t) fa dimensional stability point of
view. Deep knowledge of the relationship betweernstuee and the properties and
processing is necessary to avoid adverse conseggignpractice.
Density

Wood density (or specific gravity) is probably thest extensively studied
and widely used indicator of timber quality (Dicksd997; Zhang, 1997; Macdonald
2002).Wood is a porous material made of wood substanea®r, and air. The air in
the cell's lumen is unrelated with the weight batated with the volume. Wood
density is a measure of the amount of cell wallsen and gives no indication of
the anatomy of the cell walls or of its properijgslimann 1968; Takahashi 1995).

The density of wood is influenced by moisture, cinoe, extractives, and
chemical composition (Tsoumis 1991). Furthermaooe ttfie same specimen of wood,
the density may change over time with variationthefwood’s moisture content, and
its eventual decay (pyrolysis due to high tempeestuattacks of xylophagous fungi
and presence of insect tunnels). As a result, biselate density of wood may also
change because of the eventual presence or leaohiegtractives, or because of
impregnation with various substances (preservativesnsolidating materials,
adhesives, etc.)
Moisture

Hygrometric condition of wood should be stated iaclke case because
adsorption of moisture increases both its weighd &olume and desorption has
opposite effect. However, there are certain comaléti under which wood attains
constant weight and volume.

Increasing moisture content increases the densityood. While the weight
of wood increases with increasing moisture conteatyme increases at first, but

remains constant thereafter irrespective of moéstatained.
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Structure

Wood is mostly made of dead cells, which are comgasf cell walls and
cells cavities. The density of wood varies, depegdin the amount of material and
voids (lumina) present in a certain volume. Diffeses in density and porosity (void
volume) derive from anatomical differences, such dif$erences in cell types
(tracheids, vessel members, parenchyma cells) hed guantitative distribution,
thickness of cell walls, and size of cell cavitfsoumis 1991).
Width of growth rings

In softwoods, the statistical correlation betweag width and density is low,
but density tends to decrease with increasing witih. In opposite, in ring-porous
hard-woods, density increases, up to a certain,lewth increasing ring width, but
diffuse-porous hardwoods ring width is not a cledterion of density.
Proportion of latewood

Latewood is made of cells which have thicker walhgl smaller cavities in
comparison to earlywood, then normally latewoodd&nser than earlywood. The
relationship is clear in softwoods and rig-porousrdwoods. In diffuse-porous
hardwoods, latewood is not clearly discernible. sliftwoods, the proportion of
latewood (and density) tends to decrease with @&sing ring width, but the
correlation is statistically low. The relationshi clear in ring-porous hardwoods,
where an increase of width is associated with ticesiase of latewood proportion. In
diffuse-porous hardwood, there is no practical veagtudy the correlation.
Extractives

Extractives are compounds of varying chemical caositpm (gums, fats,
resins, sugars, oil, tannins, alkaloids, etc.) #ratnot part of the wood substance, but
are deposited within cell walls and in cavitieseithremoval does not affect the

cellular structure of wood.

-17 -



Chemical composition

The chemical components of cell walls differ in siégn Therefore, the
differences of their presence may contribute tosderdifferences. Cellulose (40-
45%) variation is small. However, although the atoin of lignin is greater (17-35%)
larger differences exist in compression and tengioad.

Swelling/Shrinkage

Wood has many advantages as a constructional ecatative material, but
perhaps its drawback is its tendency to swell oingkhwhen exposed to environment
with variable humidity (Laidlaw 1970).

Shrinkage is reduction, andwelling is an increase of the dimensions of wood
due to changes of its moisture content. Such dirorak changes occur when the
moisture of wood fluctuates below the fiber saioratrespective of their magnitude
which has no effect on dimensions. Wood is anigatravith regard to shrinkage and
swelling. Specially, the change of dimensions &l#dast in the longitudinal direction,
much greater in the radial direction (averagely tieres than the longitudinal), and
still greater in a direction tangential to growihgs (averagely the double than the
radial).

Shrinkage and swelling of wood are affected by mdagtors, such as
moisture content, density, anatomical structurdraetives, chemical composition,
and mechanical stress.

Moisture

The magnitude of shrinkage and swelling is affecbyd the amount of
moisture, which is lost or gained by wood whennisisture fluctuates between zero
to the FSP, and vice versa. The relationship istjpaly linear and applied to all

growth direction (longitudinal, radial, tangential)d therefore to volumetric changes.
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It has been observed that the relationship betwbenkage or swelling and
moisture change is affected by the size of theispat used for their measurement.
Large specimens do not give consistent resultstallgck of uniformity of moisture
content distribution.

Density

The magnitude of shrinkage and swelling is highigh Wwigher density. This is
due to the larger amount of wood substance (cdlsyvim woods of higher density,
and to the exterior change of cell dimensions. ds been observed that, when
moisture is lost or gained, the size of cell cagitiemain practically unchanged.

The coefficient (ratio of tangential and radialiskage or swelling) becomes
smaller with increasing density (Kollmann 1968)isImeans that in woods of higher
density, the difference between tangential andatadirinkage or swelling is smaller.
Anatomical structure

The anatomical structure of wood is the basic nedgpanisotropic shrinkage
and swelling. The difference in different growtheaditions is attributed mainly to cell
wall structure. When moisture is adsorbed, the teitadyer of cell wall (S2) tends to

swell  proportionally to
Secondry wall

the number of microfibrils, 53

§2

but the other two layers 51
Primary wall

exhibit a restraining effect

- Fig.2.6. Scheme of the layers in the cellular stmecof wood
due to the differing

orientation of their microfibrils. The small axi@bngitudinal) shrinkage is due to the
orientation of microfibrils in the S2 layer, smd#viations from parallelism (Fig.2.6.).
The reasons for the difference between radial angential shrinkage and

swelling are not well known. Partially, this isrditited to the presence of rays, which
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due to their radial orientation, exhibit a restinagninfluence to the radial shrinkage
and swelling. A relationship between shrinkage #mel number of rays has been
observed, especially in hardwoods. Another fachat is considered to produce a
lower radial shrinkage, at least in softwoodshis tleviations of microfibrils caused
by the presence of a greater number of pits irade&l walls of axial tracheids. The
difference in density between earlywood and latedisoalso considered a cause of
anisotropy. Latewood shrinks and swells up to Brgs$ due to its high density.
Extractive

A large extractive content contributes to the cedun of shrinkage and
swelling. The reduction is proportional to the spaccupied by the extractives in the
cell walls. Removal of extractives increases stage&and swelling (Brown 1952;
Tsoumis 1991).
Chemical composition

Lignin exhibits a restraining effect on shrinkaged swelling. Hardwoods
shrink more than softwoods at similar wood densitend this is attributed to lower
lignin content of hardwoods. The lignin is an anmaps polymeric material that can
be considered as an isotropic material (Davalogi8&005). The lignin has stiffness
properties dependent on moisture, decreasing andisture content increases.
Mechanical stress

Large compression results in a shrinkage gred&@n normal, when cross
section cell dimensions are permanently reduceeersely, under the influence of

large tension stress, shrinkage becomes smallemibranal (Tsoumi 1991).
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2.3 Treatment of wood

The old painted layers were unevenly afflicted bphbtems of extensive
detachment, lifting and flaking, which had increhsever time (Payer 1998). The
detachment is the most frequent degradation angemgpbetween the ground layer
and the wood support. Therefore, the first tasktfeatment after the degradation is
the systematic consolidation of the lifted layararious methods and materials have
been considered for consolidation: animal glue, -wesin mixtures, acrylic,
polyethylene glycol (PEG), polyvinyl acetate (PVAnhethyl methacrylate, allyl
alcohol and so on (Payer 1998; Dilek 2000). Thetnmportant goal is to find an
adhesive that is simple and safe to use. In tlisareh, preservative intervention is
considered as treatment. However, in this chap@esmportant treatment technique,
from preservation to conservation, is mentioned.
Surface cleaning

The cleaning of painted surfaces is one of the neosictal operations in
conservation. Concurrent with the surface constbda the surfaces should be
cleaned. First, dust and debris were removed witttush and a vacuum cleaner. Then
the water-sensitive and other surfaces should lkaned respectively. It is an
irreversible removal of very thin, non-homogenetay®rs, which alter the aesthetics,
falsify the image or affect the physical and chexhitability. Traditional cleaning
methods were based on mechanical tools, which negueat skill and experience and
are long-lasting procedures and chemical agentsreTare several problems in the
operations (Bracco 2003):

- The spatial expansion of solvents is difficulctntrol;

- The majority of the efficient solvents is toxic;
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- Many materials to be removed are sometimes ibd®lin any solvent
tolerated by the paint surface and make mecharmmntatvention the only
alternative.

Wood consolidation

There are two ways of consolidation: one is pravertonsolidation, which is
focused in this research, and the other is coratidid for the conservation. The
success of the consolidation depends on the imptiegnof sufficient monomer into
the wood and the degree of polymerization. The mogtortant stage in the
consolidation of wood is the selection of a monothat can protect and consolidate
the wood when polymerized within wood. The ideahsmlidant action can be
obtained if the polymer is fully compatible withetfthemical constituents of wood,
cellulose, lignin and hemicelluloses (Dilek 2000).

Undesirable changes in panel painting by wood pvasiges can be caused by
their composition as well as by improper applicati@iocide, solvents, binders,
pigments and dyes in preservative can all haveffaotan the objects (Unger 2001).
It is important to do pre-experiment before treattrgpplication in order to observe
the compatibility.

Processes and operations for scientific conservation

Main treatment processes and operations for sfieerdonservation is as
following;

- Preventive consolidation of painting layer (fagin

- Controlling fungal and insect attacks (identifyia live attack)

- Disinfection/disinfestation (application of bides by injection, sealing

flight holes, fumigation, inert atmospheres, thdirifaray and gamma

irradiation)

- Definitive consolidation of painting layer
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- Structural consolidation of the panel (straigihtgrand reinforcements,

replacing or renewing damaged supports, proteté@okings, replacing

wedges etc.)

- Cleaning of the painting layer and verso of thpport

- Puttying or filling of painting layer/lacunas

- Chromatic reintegration

- Varnishing

- Assembling of the picture frames.

Table.2.3. Processes and operations for scientfiservation (Sandu 1998)

Process and its main

Operant system

effect

Aqueous solution

Organic solution

Emollient application

Soaps  andsurfactant
tannates, bile

"' Detersives, tannates, bil

117

Fluorides, alauns

Mordant application Urea Urea
Polymers and organi¢
, Polymers and wate[ solvents soluble resins,
Waterproofing .
soluble resins wax, colophany,
paraffin
Ammonium phosphate] Halogenated derivatives
. , sodium silicate,| phosphohalogenated
Fireproofing . e :
aluminium and| derivatives, xiloxanes
ammonium alauns silicones
Inorganic fillings based Natural and artificial

Consolidation

on zinc and phosphorus

waxes and resins

Rheological
improvement of nano{ Tannnets, bile, saponing,
. camphor
structural protective] camphor
layers
Re-establishment of
hydrous equilibrium| Natural and chemically Natural and chemically
after treatments and modified resins modified resins
interventions

Structural reintegration

Natural and synthetig
glues and
(pertinacious, glucosidal
glues and synthetic
PEG, PVA, acrylics)

adhesiveps

adhesives an
(stuccoes) or
(silicones,

polyamides

Natural
fillings
artificial
polyesters,
etc.)

Chromatic reintegration

Watercolours

Oil or resimcolours
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2.4. Durability of wood against fungi and insects

The ability of any wood species to resist degiadatis called natural
durability. For practical purpose sapwood is always consitlasehaving low natural
durability, although many species of wood may héttee or indistinct sapwood
(Eaton and Hale 1993). The heartwood resistancget@y is provided by several
compounds, called extractives, produced by the dweng heartwood formation.
Usually these compounds confer the heartwood aedadoration, so that the colour
is often taken as an indicator of good natural biilitg. is Wood is degraded by many
organisms, such as fungi, insects and marine ®sgeni The occurrence of these
organisms in different environments and conditiexposes the wood to different
decay hazards; consequently, wood should be tfedte an appropriate biocide in
order to increase the durability against the higlieatening organism acting in a
specific situation. Because of little importancenaérine borers on degradation for
panel painting, only insects and fungi are preskras factors of degradation
(Tsoumis 1991).
Fungi
Mould fungi

Moulds are described to an artificial group ofdunalled Deuteromycetes or
fungi imperfecti, obtain their food from nutrienis the parenchyma cells of the
sapwood (Schmidt 2006). Their proliferation in inde@nvironments is favoured by
high substrate moisture, high air humidity, warnmghd insufficient ventilation
(Viitanen and Ritschoff 1991). Moulds do not casgsictural damage to wood but
they can affect some technological characteristoasexample the gluing of plywood
(Wolf and Liese 1977); moulded wood is also unsiédor decorative use, e.g. wall
paneling, as the colour spots are not mechanicathovable. The reproductive units

of moulds are called spores, and these can be @eetme surface of materials
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colonized by them. These small spores are pigmeateld depending on the mould
species, may be black, green, red, yellow or atbkurs.
Sain fungi

Blue Stain fungi belonging the Ascomycetes and Deuteromycetes group
cause discoloration of sapwood. They usually attacktwoods and seldom
hardwoods. Hyphae penetrate into stem via medutkyy, giving the discoloration a
radially striped shape. Blue stain of pines is tm@st common and serious
consequence of attack by stain fungi. Blue staiprame to cause bluish or greyish
discoloration of the wood but they do not causeage8Blue stain has little effect on
the strength of the wood, being toughness the ptppmost seriously affected
(Schmidt 2006). Stain fungi may cause considereddection of the market value of
wood, mainly due to discoloration.
Decay fungi

Decay fungi constitute the most important factor that affetitse

durability of wood. Two main categories of decagduare recognized: brown rot and
white rot. A third category of decay fungi is callsoft rot. Decay fungi consume cell
walls by secretion of enzymes, which possess tlidgyatn dissolve many organic
substances after their change to forms that magssemilated. Decay fungi cause
sensible changes of structure and chemical com@osif wood, until its complete
degradation. Brown rot results from the degradatbrarbohydrates, cellulose and
hemicelluloses by Basidiomycetes. These fungi do produce lignin-degrading
enzymes; the brown colour of rotted wood is du¢ht lignin left in the cell walls.
White rot means the degradation of cellulose, heluiloses and lignin usually acted
by Basidiomycetes and rarely by Ascomycetes. Wiatdungi attack predominantly

hardwoods; they reduce the wood strength propdudiedesser extent than brown-rot
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fungi, because at the same mass loss, lesserosglid consumed, and it does not
come to cracking or cubical rot (Schmidt 2006).

Soft-rot fungi differ from the previous ones by @ing mainly inside the
woody cell wall, producing typical chain of cavgievithin the $ layer of soft and
hardwood in terrestrial and aquatic environmengylbelong to the Ascomycetes and
Deuteromycets groups. A 5% mass loss caused byatdiingi already causes about
50% decrease of impact bending. Soft rot usuallgage wood under extreme
ecological conditions, which are unsuitable for iBeenycetes. Their optimal
environments are constantly wet wood.

The resistance of various woods to fungal attackesa but no wood is
immune. Differences are due mainly to variationsantent of toxic extractives.
Insects

A number of insects have evolved to attack wonded¢ts open bore holes and
galleries (tunnels) of varying size, up to 2.5 endiameter, and some species change
the interior of wood to dust, leaving a thin exterlayer. Generally insects attack
sapwood and the resistance of wood species depmndbfferent factors such as
insect nutritional requirements, presence of symbiorganism into the gut or
presence of enzymatic activity , different compositof wood, hygrometric condition
of wood, age from cutting of wood.

Some insects bear decay fungi into wood. The nmersdiss damage to timber
is usually caused by species in the three ordinieoptera (beetles) Isoptera
(termites)andHymenoptera (ants and bees) as following.

Coleoptera

These insects are characterized by two hard ouitegswwhich cover and

protect the real wings. In relation to the mainwoence and type of damage, the

main Coleoptera families may be listed in the fwilog groups (Bletchly, 1969):
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- Furniture beetles: AnobiidaeArfobium punctatum De G., Ptillinus

pectinicornis),

- Powder-post beetles: Lyctidaky€tus brunneus Steph) and Bostrychidae

(Bostrychus capucinus L)

- Ambrosia beetle (pinhole borers): PlatypodidamlBidae, Lymexylidae

- Longhorn beetles: Cerambicydaéiylotrupes bajulus L., Trichoferus

holosericeus (Rossi) =Hesperophanes cinereus Villers)
Many species excavate tunnels in wood or under. bark
|soptera

Isoptera are the termites, which cause severe damoagood. They are very
destructive and particularly dangerous becausaldimeage is not visible externally.
Termites live in complicated colonies and not akltay individuals. A colony is
made of a “king,” “queen” (laying many thousandsegfys every day and for many
years), numerous “workers” (responsible for danmtageood), “soldiers” (engaged in
defense of the colony), and a number of immatudividuals in various stages of
development. There are two main groups in termdegwood termitesKal otermes,
Cryptotermes, etc), and moist-wood or subterranean termit&etigulitermes,
Coptotermes, etc).
Hymenoptera

These insects have four (two pair) of membranousgsyi of which the back
ones are shorter. Hymenoptera includes the ants, hgasps and sawflies. Few
species of Hymenoptera are harmful, they usuallse boto wood for egg-laying
(Urocerus gigas L.) or to excavate nests (carpenter ants). Howewer presence of
tunnels and holes into wood represents a commedapteciation. Wood-boring

larvae, in association with fungi, can cause extendamage to plantation of conifers.
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CHAPTER 3:
MATERIALS AND METHODS



3.1 Wood species

Over centuries, many species of wood have been aseslipport of panel
painting, with each geographic region favoring a@rtwoods for reasons of trend,
ease of use, and availability. Today there aredlnds of species of wood which have
been identified, but only several hundred of theage actually been used in the
present or past in each region for the productiotmtber for working purposes, and
not more than a few dozen were regularly used faking support for painting
(Uzielli 2006). Painters from northern Germany dandlland preferred oak while
those in southern Germany favored such woods as pm larch, lime and ash. In
Italy, poplar and cypress were commonly used (Deret962)

In this research, firAbies alba Mill.), poplar (Populus sp.), lime Tilia sp.)
and oak Quercus petraea Liebel) were selected for the experiment. Thosedvo
species are the most widespread species used tafantaure the wooden supports of
panel paintings and polychromies for the Culturafithge in Romania and Europe
generally. Strictly speaking, only fir is reallyspecies; poplar and lime are reported as
Populus sp. andTilia sp. Because they are two groups of species belgrgi the
same genus. The species belonging to those growpslistinguishable only on
botanical bases different from wood characteristidsich are, indeed, identical from
anatomical and technological points of view. Theaas forQuercus sp.: we utilized
a wood declared a®. petraea Liebl.(Sessile oak) but it could also e robur L.

(English or Pedunculate oak).

Fir (Abiesalba Mill.)
Abies alba Mill. is softwood and has a density of about Ogdem3 (RH=12%),
widely distributed coniferous in Europe and it i®lwknown as Christmas tree

(together withPicea abies Karst., Norway spruce). Primary resin canals drseat
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(Fig.3.1.). Fir wood is lightweight, light-colouredinegrained, even-textured and

longfibered. It is moderately soft and easily watkesed for general construction,

furniture, plywood and pulpwood, and paper manuifi@Eci{Rolland 1993). Sapwood

and heartwood cannot be distinguished by colouwe. [Eaves are needle-like, flattened,
1.8-3 cm long and 2 mm wide by 0.5 mm thick, glodayk green above, and with

two greenish-white bands of stomata below.

b
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)Tangential section (b)TransvérsaI section Rdd)jal section

Fig.3.1. Anatomical photos of fiApies alba Mill.) (Photo from IVALSA)

Poplar (Populus sp.)

Poplar is diffuse-porous hardwood and has a demditabout 0.48 g/cm3
(RH=12%). It was the most common wood used in Eeirfgp panel paintings; the
Mona Lisa and indeed most famous early renaisshalian paintings are on poplar.
The wood is generally white, often with a slighgsllowish cast.

The bark on young trees is different between spedtecould be smooth,
white to greenish or dark grey, often with conspicsl lenticels. The leaves are
spirally arranged, and vary in shape from triangtdacircular or (rarely) lobed, and
with a long petiole. Leaf size is very variable ev@n a single tree, typically with
small leaves on side shoots, and very large leanedtrong-growing lead shoots. The
leaves often turn bright gold to yellow before tliay during autumn.

In wood, on cross sections viewed with a hand Iéms,appearance of the

pores may suggest a semi-ring-porous arrangememgential section of poplar
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shows uniseriate rays with flattened cells (Fig(&)2. Pores appear numerous, and
multiples are common; the rays appear extremelyomarand are barely visible
(Fig.3.2.(b)). Radial section of poplar shows thmé ray-vessel pits in the marginal

rows of procumbent ray cells in contact with a eéstement (Fig.3.2.(c)). (Hoadley

(a)Tangential section (b)Transversal section )R4dial section

Fig.3.2. Anatomical photos of poplddpulus sp.) (Photo from IVALSA)

Lime (Tilia sp.)

Lime is diffuse-porous hardwood and has a densityalmut 0.65 g/cms3
(RH=12%). It is large deciduous tree, reachingdgfty 20-40 m tall, with oblique-
cordate leaves 6—20 cm across, and is found thrtheghorth temperate regions. The
sapwood of lime is indistinguishable from the whitepale yellow heartwood, which
turns pale brown on exposure. It has a straighihgsgth a fine, even texture.Lime
wood is the tree of legend of the Slavs. In theviSl®rthodox Christian world, lime
was the preferred wood for panel icon painting.

Hand-lens examination of transverse surfaces sleavwdence of growth rings
by slightly denser latewood fiber mass, the grovinig-boundary often delineated by
lighter line of latewood parenchyma (Fig.3.3.(b)).key feature is the very thick
spiral thickenings, which are conspicuous in theseés. Tangential section shows that
the rays are mostly 1-4 seriate, the ray cells apg flattened or oval rather than

rounded (Fig.3.3.(a)). (Hoadly 1998)
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(a) Tangential section (b) Transversal section ) R@dial section

Fig.3.3. Anatomical photos of limé&i{ia sp.) (Photo from IVALSA)

Oak (Quercus petraea Liebl)

Oak wood is ring-porous hardwood and has a demditgbout 0.75 g/cms,
great strength and hardness, and is generallytaesito insect and fungal attack
because of its high tannin content. It also hasy \&tractive grain markings,
particularly when quarter-sawn and is commonly usddrniture, construction, floor,
shipbuilding and barrels for wine. It was used heeaxclusively as a painting support
from the fifteenth to the seventeenth century i tlorthern parts of middle Europe
(Klein 1998).

Oaks have spirally arranged leaves, with a lobedgiman many species;
some have serrated leaves or entire leaves witihnaoth margin. The flowers are
catkins, produced in spring. The fruit is a nutledlacorn, borne in a cup-like
structure known as a cupule; each acorn contaiesserd (rarely two or three) and
takes 6-18 months to mature, depending on spdaidisto grow naturally this oak
becomes a high domed tree with a closed crownalhtaiunk with grey bark.

In the transversal section of oak (Fig.3.4.), #agutar occurrence of very large
rays is the key feature; they are visible on vityuany surface, forming conspicuous
radial lines across transverse surfaces and viaibldistinct lines up to around 10 cm

long along tangential surfaces (Hoadley 1998).
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(a) Tangential section (b) Transversal sectio

Fig.3.4. Anatomical photos of oa®(ercus petraea Liebl) (Photo from IVALSA)
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3.2 Treatment solutions

In this research, Red Petroleum and Propolis isoisitare used and those
solutions are traditionally used in Romania for gheeservative intervention on
wooden artistic artefacts. The advantage of thesgisns is considered ecological,
lower cost and without health risk (Sandu, 1.C.Aak 1995; Sandu, I. et al. 2008).
The application of these solutions is still a wydatopted and popular technique in
preservative conservation but the impact of thedgisns is not well known, in terms

of real efficiency and consequence on the artifacts

Red Petroleum

Red petroleum is a natural product derived by lthson from the old drills
from the 1860 year from the village Campeni, Bacaunty, belonging to Modarzau-
Moinesti scaffold, Romania. This type of petroleistknown even from the XVIth
century and has been summary studied after 1880byeBoni and Mrazec from the
Mihaileana University lasi, Romania and after 1890Edeleanu and Filiti (Edeleanu
1900).

Red petroleum has a series of very special charsiits such as: very small
density and viscosity, very large inflammabilitydaevaporation rate, very small
concentration of solid paraffin (colorless or whita quite large concentration of
aromatic products and exhibits a large capacitgxivact the active principles from
plants and other natural products via maceratiomp@n temperature. This type of
petrol is of the consistency of kerosene and issphorescent green in emission and
rubious red to brown in absorption.

Red petroleum is a complex hydrocarbon multi congmd which contains
predominately light gasoline, kerosene, white-gpirtheptane....... decane, different

aromatic hydrocarbon and a very small concentrafimiow 5%) of solid paraffin
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colorless or white.
This type of petroleum has the following charactis:
- density: 0.785 (g/cf)
- viscosity: 2.8cP
- boiling point: 65-72C
- freezing point: -12C
- the color: emission: phosphorescent green andrpiiie® rubious red to
brown

The spectrum of Red Petroleum was obtained witiRFATR (Fig.3.5.).

Propolis

Propolis is made up of resinous, rubbery and batsaobstances collected by
bees from buds of trees to reinforce honeycomhbsamee walls and cover cracks in
the hive. Propolis has been used as traditionaiagmedfor long time and has become
the subject of intense pharmacological and chenstadies as antibiotic remedy,
applied for treatment of wounds and burns, soreathirstomach ulcer etc., for recent
several decades (Bankova 2005). Propolis is ateavk as bee glue for gilding in
Italian renaissance paintings (Higgitt 2008). Pl a chemically complex sticky,
dark-coloured resinous hive product containing mateollected by bees from buds
or other plant exudates, volatile substances aasviex.

The composition of propolis varies according to ltteal flora and flowering,
climatic conditions, amount of resin on the budslecting time and the inclusion of
contaminants such as wax, pollen and substancestegcby bees' metabolism
(Marletto 1981; Bevilacqua 1997).

In the last decade, the paradigm concerning prepdfiemistry radically

changed. In the 1960s, propolis was thought tofbeery complex, but more or less
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constant chemistry, like beeswax or bee venom @nfelse 1967). In the following
years, analysis of numerous samples from diffeggugraphic regions led to the
disclosure that the chemical composition of beee giuhighly variable. Numerous
studies, carried out with the combined efforts bytpchemists and pharmacologists,
led in recent years to the idea that different phgpsamples could be completely
different in their chemistry and biological actitSo it is extremely important to
analyze the Propolis used in each case.

In this research, Propolis was prepared with eéhgbholic solvent at 20%.
The FTIR spectra of Propolis, which was used is tesearch, was obtained (Fig.3.5.).
The spectrum has shown that Propolis is a very ammixture of components,
mainly polyphenols including flavonoids, phenolicids and esters of aromatic

alcohols, but also fatty acids, hydrocarbons angktees.

Biotin R

Components of this novelty expressed are two médec25% IPBC (3-lodo-
2-propynyl butyl carbamate) and 5% OIT (2-n-octyisdthiazolin-3-one), both with
a low solubility in water (156 ppm and 480 ppm exgpvely). In this research, Biotin
R was prepared with Petroleum ether solvent at 1.5%

IPBC (3-iodo-2-propynyl-butylcarbamate) is a biacidhich was originally
mainly used for wood preservation, and which is ralao used in cosmetics and
cutting oils as a fungicide (Rossmoore 1995; Bi3iD1). IPBC was proven to be
satisfactorily effective against decay fungi indedtory biological tests.

Advantages: Wide antifungal activity, Low water solubility, Gmetic approved,;
Disadvantages: Discolouration possible, UV instability, Sulphitestability
OIT is produced as a replacement for the envirotatignproblematic tri-

butyl tin oxide in marine antifouling applications.is utilized for antifungal product
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as well (Willingham 1996; Jacobson 2000).

Advantages: Wide anti-fungal activity;

Disadvantages: Sulphite instability, harmful if ingested, toxicimhaled;
Personal protection: Safety glasses, gloves, adequate ventilation.

Biotin R should be diluted in the greater parttioé organic solvents (ex.

Acetone, fragrant, White Spirit). In this researBigtin R was diluted with petroleum

ether to be 1.5%.
The FTIR spectrum of Biotin R was obtained (Fi§.B. although the

components of this slution are well known.
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Fig.3.5. FTIR-ATR spectrum of products
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3.3 Moisture conditioning

Moisture conditioning approach has been carried Bluctuations in ambient
relative humidity (RH) produce microbiological (mdy attacks and changes in the
materials that make up painted wood objects, resuih changes in the moisture
content in wood and altering their dimensions. Ewalty cracks and detachment
occur in painting layer. Painted layer can onlytipdy follow. The effect of these
processes is due to the fact that the painted lageanot completely follow the
deformation of the wooden support. Eventually itl wkperience tension leading to
irreversible stretching and finally cracking andadément. The fluctuation of RH and
temperature is one of the most vital problems, iocgudimensional change.

Many of the technological features, which distirgjuiwood from other
materials, derive from its particular affinity toater. The degree of RH greatly
influences almost all other technological properts¢ wood (dimensional variations,
mechanical strength, elasticity, propensity to glefram fungal attack, etc.), and
strongly conditions the conservation of wood olg€tizielli 2006).

In the direction parallel to the grain of a woodbstance, applied paint
materials are considered to be nearly fully resgdiand unaffected because wood’s
longitudinal dimension remains essentially unchandey fluctuations in RH.
Longitudinal change is almost negligible. Howeverthe direction across the grain,
moisture-related movement of an unrestrained woolstsate may completely
override the less responsive painted layers. I $ituation, stresses induced in the
ground and painted layers due to changes in RHcamepletely opposite to the
stresses parallel to the grain. The anatomicatttre of wood is the basic reason for
anisotropic shrinkage and swelling. The differdntsarinkage and swelling in
different growth directions is attributed mainlydell-wall structure.

The research effort to determine the responseiofgthwood to RH variation
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and to quantify the effects of RH fluctuations omirnpped wooden object was
undertaken first by Mecklenburg, Tumosa and Erhgdd#98). They quantified

mechanical properties and dimensional changes dérrabs constituting painted

wooden objects, such as wood itself, glues, ggssafs, and varnishes. Relating the
independent RH responses of each of these matehalgauthors could determine the
allowable RH fluctuations a particular compositejecb may ultimately endure

without irreversible deformation or damage.

Recently some researches carried out some wotkdrdpic. It was reported
that wooden boards, simulating the supports of lppamtings, were subjected to
variations of RH (Dionisi Vici et al. 2006). Andwas also reported that the allowance
thresholds i.e., the amplitude and rate of RH wWams that wooden cylindrical
objects can safely endure (Koztowski 2007).

However, nobody has been reported about the coidenaf treatment and
RH. This experiment has been carried out with tampss. One is for the evaluation
of the effectiveness of Romanian traditional preseve treatments (Red Petroleum
and Propolis) on wood sample itself and on woodptarnwith tempera painting,
considering chemical-physical and structural charatics. The other is for the
observation between painted layer and wooden stippor

For the first scope, the experiment was carridgd@evaluate the effectiveness
induced by the application of treatment solutiofisRed Petroleum, Propolis and
Biotin R by immersion and brushing. Biotin R is Wwéhown as an effective
antifungal product in the market. In this experimeBiotin R is utilized for
comparison to control the efficiency of Red Petnabeand Propolis. The study deals
with the assessment of the impact of traditionanBoian treatments, Red Petroleum
and Propolis, on wood and the investigations of ghssibilities to affect physical

characteristics (density, porosity, shrinkage amdstare content (MC)) of wood itself
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and panel painting. Regarding the samples with &epainting, visual assessment
(the degree of mould attack), colour measuremente vanalyzed as well. The
penetration of solutions was analyzed with samplghout tempera painting with
FTIR-ATR.

For the second scope, the interface between palayed and wood support
was observed under different environment causimgattans on wood equilibrium
moisture contents. The reciprocal behavior of tmonents of this composite under
different environmental conditions was analyzedc@mposite made of materials
(wood + gypsum and animal glue + tempera) hasréiftephysical behavior under
varying environmental conditions (Hayashi et a0&0

To implement an effective protective strategy Wooden objects, precise
cause-effect relationships between the rate oRiHevariations and treatments, on the
one hand, and the physical-chemical and structdrahge in the wood, on the other
hand, are necessary. A particularly important afrthis experiment was to assess the
Romanian traditional treatment effectiveness anddemtify the impact of those
treatments solutions on wood and on artifacts\akale.

The result of this experiment is useful for thegpas preservation strategy for
panel painting and polychrome wooden cultural bget deciding the solutions of
treatment, the environmental condition and the Rtran for estimating how the
panel paintings will react from one environmentatoother. The support of panel

painting is a good example of work of art particiyl@ulnerable to RH variations.
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3.3.1 Sample without temper a painting

In this experiment, following well oriented samplegre prepared for the

experiment (Fig.3.6. and Table.3.1.). Treatmenlistioms were applied by immersion.

- Wood species: FirApies alba Mill.); - Dimension: 5x1x1 cm;
Poplar Populus sp.); 5x2x1 cm.
Lime (Tilia sp.); - Treatments : Red Petroleum;
Oak Quercus petraea L.). Propolis.

- Direction of specimens:

S

PN
PN

D))

(a) Dimension: 5x2x1 cm (b) Dimension: 5x1x1 cm

Fig.3.6. Direction and size of sample

- Number of specimens:

Table.3.1. Number of samples without tempera painti

Red Petroleum Propolis References
Al 1 1 2
A2 4 4 6
A3 2 2 5
Ad 2 2 5
Bl 3 3 4
B2 3 3 6
B3 1 1 4
B4 0 0 0
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Preparation and experimental procedure (without tempera)
1. The 4 kinds of species and the 2 kinds of dineensvood bars were prepared

(Fig.3.7.(a)) and cut with the machine (Fig.3.7.(eyery specimen was weighed and

the three dimensions (thickness, width, length)sue=d (Fig.3.7.(c)).

(a) Wood bar (b) Sawing machine (c) Meanamt instrument
Fig.3.7 Preparation for the samples without pagtin

2. All specimens were put in the oven, 2@3to get oven-dry weight.

3. Specimens were treated by immersion: 20 minige8

times (total 60 minutes) intervalled by 20 minutes the

bench (Fig.3.8.). After treatment, the specimensedried,

were put in the climatic box at constant tempega{@0°C)

but with different RH value$100% — 85% — 65% — 25%

— 0% at 103 °C) until equilibrium. At the end the sample
Fig.3.8. Treatment

were out in oven at 10 (RH 0%) until constant weight. by immersion

4. At each RH, the weight and dimensions were nredswand the following

parameters were considered.

-MC

- Density

- Shrinkage

- Porosity

5. After the oven dry step the penetration of sohdg (Red Petroleum and Propolis)

was analyzed with the weight variation and FTIR-ATR
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3.3.2 Sample with tempera painting

In this experiment, there are two kinds of sampild vempera paintings. One
was used for the experiment to evaluate effectisenef Romanian traditional
preservative treatments (Red Petroleum and Prop&enple A). The other was for
the observation between painted layer and woodepastiwithout treatmer(Sample

B).

SampleA
The following well oriented samples were prepared the experiment

(Fig.3.9.). Treatments solutions were applied hyshing.

- Wood species: PoplaP@pulus sp.); - Dimension: 5x5x2 cm.
Lime (Tilia sp.); - Treatments : Red Petroleum;
Oak Quercus petraea L.). Propolis;

Biotin R
/—1
f’:

—— |l Tempera painting

XII Animal glue + gypsum

I Animal glue

Fig.3.9. Samples with tempera painting with treattae

Sample preparation and experimental procedure (SampleA)

I Rabbit glue 50¢
Distilled water 500 ml

Il Rabbit glue 50¢g

Distilled water 650 ml

Gypsum 988 g

Fig.3.10. Preparation for animal glue
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1. Rabbit glue and water were mixed one

B,

in advance. They were heated with big J
bowl with boiling water (bain-marie) and the ) .
solution was filtered with a fine cloth \

(Fig.3.10.). They should not be heated directly. ¥

Gypsum was added until saturation little b3f=i93 11. Preparation of animal glue

litle. The solution was never mixed until® 9YPSU™

saturation (Fig.3.11.). After saturation, it coblel mixed. Before applying | and Il on

the board, the lateral of sample was taped in o

not to spread the glue and gypsum.
2. The rabbit glue and the rabbit glue + gypsul
were applied. The rabbit glue + gypsum we
applied twice (two layers). When the rabbit glue .
gypsum were applied on the boards, the ‘
were beaten in order to let air out from the lay
The boards were dried for one night (Fig.3.12.).  Fig.3.12. Drying boards
after applying gypsum
3. After dried, some spots were appeared on the oak
boards because of tannin (Fig.3.13.). In case yjpsugn is not even, it made smooth

with knife. Tapes were removed and the edges welished with sandpaper. After

removing the tapes, the boards were marked, almméenhgth, with creating 3 lines 2

Fig.3.13. Oak after applying gypsum: some spotewa@peared for tannin
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4. Binder for egg tempera paint was prepared valliowing components.
- Yolk (the yellow of egg)
- Vinegar

- Albumen (the white of an egg)

Yolk and albumen are separately S
well stirred with a mixer (Fig.3.14.)
The albumen is stirred to be spon ‘,;.
and leave it for two hours. Then it Fig.3.14. Preparation for binder

will separate into liquid and sponge part andltered with the fine cloth. Only liquid
part (after filtering) is used for tempera paintagybinder (Fig.3.14.).

5. Yolk, vinegar, and albumen (Binder) are mixethwhe ratio, 2:1:1.

6. Pigment (red, yellow, and white), binder, andevare mixed (Fig.3.15.). The ratio
is roughly 1:1:1. But the color for white is 1:QL5:

Red : TERRA ROSSA

Yellow : GIALLO OCRA

White : BIANCO TITANIO
Fig.3.15. Miing tempera painting, red, lgel, and
white

7. Tempera was applied on panel three times edoh @@llow, red, and white). The
order of the color was first yellow, second red] #men white.

8. The boards were cut to 5 cm by sawing machiréx® cm) and then the samples

were polished in order to remove wood hair and ggpat bottom (Fig.3.16.).
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Fig.3.16. Cutting the boards and polishing withcspaper

- The number of samples
Treatment (Red Petroleum, Propolis and Biotin R) 3 )
Varnish (without varnish, with varnish) 2

> 54
Brushing way (bottom, bottom + lateral, all surfsice 3

Repetition 3
54 + 3 (references with varnish) + 3 (referencebouit varnish) = 60
60 + 3 (naked wood) = 63

63 * 3 (species: poplar, lime, and oak) =189  Total 189 specimens

9. Varnish and treatment were applied by brushifig
Varnish was applied to the 30 samples per spettits,
270 samples and on the painted layer three times
brushing (Fig.3.17.).

Varnish: Vernice per Ritocco (Varnish for retouaf)in

Fig.3.17. Applying varnish

10. The solutions were applied as preservativetrirelats were: Red Petroleum,

Propolis and Biotin R. Red Petroleum and Propoksesfrom a region in Romania.

Treatments were applied by brush on specimens ii@g tivays i) only bottom (one

surface); ii) bottom and lateral (4 surfaces);aind all surfaces (6 surfaces). Top and
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bottom were treated both lengthwise and widthwi

(Fig.3.18.).

Fig.3.18. Way of brushing
for top and bottom

11. Varnish and solutions were applied three timEse quantity of solution
penetrated by brushing is less than those applhiednersion for an hour. The
difference is as following.
Weight difference (Lime) / ci(Red Petroleum by immersion)
0.040¢g
Weight difference (Lime) / ci(Red Petroleum by brushing)

0.011 g

12. After treatment, the specimens were put irctimeatic box(100% at 20 °C — 65%

at 20 °C — 0% at 103 °C) until equilibrium.

13. At equilibrium at each RH, the weight, dimemsi@nd colour were measured and
following parameters were considered.
- Mould attack - Colour -MC

- Density - Shrinkage - Porosity
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SampleB

The following samples were prepared (Fig.3.19.)thwhis experiment, the
interface between painted layer and wood suppor wlaserved under different
environment causing variations on wood equilibriomoisture contents. The direction
wood is that poplar and lime samples have sub-tarajerings and fir and oak
samples have sub-radial rings (Fig.3.20.).

- Wood species: FirAbies alba Mill.); - Dimension: 5x5x2 cm.
Poplar Populus sp.);
Lime (Tilia sp.);
Oak Quercus petraea L.).

- Composition of Polychrome layer: Gypsum;

Animal Glue; Fig.3.19. Size of sample

Pigment (tempera).
Poplar, Lime: Rings are sub-tangential

Fig.3.20. Characteristic shrlnkage and distortidrflats, squares, and rounds as
affected the direction of the annual rings. From 1d&st Products Laboratory

(Kollmann 1968).

Experimental procedure (Sample B)
1. The specimens were put in the climatic box atstant temperature (20C) but

with different RH values (100% 85% - 65% — 25% —» 0% at 103°C) until

equilibrium.
2. At equilibrium at each RH, the dimensions of peemand the detachment length

were measured and the lateral surfaces were scamiobderve the stratification.
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3.4 Insect attack test

Insects are the most important and most frequefdlynd living pests
attacking woodh panel painting. Wooden support of panel paintshgsed by insects
for food, shelter, and breeding (Unger 2001). Itseman threaten panel painting
wherever they are stored, whether in public musetanage or private home (Florian
1997). Treatments are applied in order to imprineertatural durability of support of
panel painting. The effective efficiency againssdat of Romanian traditional
treatments, Red Petroleum and Propolis, is not kvellvn, therefore the aim of this
experimental part was to assess the efficacy sktireatments.

The test has been performed in accordance to EN(2605) with the aim to
assess the preservative action of the wood. Thithademakes it possible to
determine whether recently hatched larvae are ¢tapdlboring through the treated
surface of susceptible wood species and of sunyiininthe untreated part of the test
specimen. Laboratory tests are commonly used tduateathe efficacy of wood
preservatives (EN 599-1 2006). The performance adduvn service is based on the
concept of use classes (EN 335-1 2006) which thiesare based on the biological
risk found in different end-use situations. In tresearch, end-use situations for panel
painting is supposed to be interior and coveredeplaise classes 1 and 2. If the
environment situation is a place where the riskhomidity is high, e.g. museum
deposit and also some churches, it is necessarindade also class 2. The
performance standard for wood preservative prod(gts 599-1 2006) requires
assessment using test methods which use differaggnisms dependent on the
intended end-use situation. In this whole resetiret species of wood were used for
experiment, 3 species out of 4 were hardwood, wiigdh most widespread and
important species used to manufacture the woodpposts of panel paintings and

polychrome woods for the Cultural Heritage. Thaleation of efficacy of a wood
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preservatives against insects is performed acaprtbnEN 46-1 modified for the
insect species. The insect utilized for experimeas a south Mediterranean species
Trichoferus holosericeus (Rossi) that is specialized for hardwood. It weysarted that
some artifacts had been attacked by this speciesnirArt and Crafts Museum

(Gambetta 1995; Palanti et al. in press).

Wood species

Beech Fagus sylvatica L.), this is the reference hardwood species for
European standards because is very susceptibleokogical attacks. The sample
wood must be exclusively sapwood containing lithein (although beech does not
have resin) and having between 2.5 annual ringd@enm and 8 annual rings per 10
mm. The sound wood samples were free from visitdeks, stain, insect damage and

other defect.

Size and Number of Specimens

The dimensions of each test specimens were 50xx18nm (Fig.3.21.). The
longitudinal faces were parallel to the directidrgmin. The annual ring had a contact
angle of (45 = 15)to the broad faces. Transversal faces were ctiyrteagive sharp

edges and a fine-sawn finish to the end-grai 1 wﬂ-ﬂ

/
surfaces, to give test specimens 50 mm long. 5 2

ey 2
: : 7
3 specimens for each preservative and A ey 7

2
untreated control test specimens were prepare y// & & ;
A T
, - b s
(Red Petroleum: 3, Propolis: 3, Biotin R: 3, ,_2/ 4

Control: 3, Total: 9 specimens)
Fig.3.21. Size of specimens for
insect attack test (European
Standard EN46-1)
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Wood preservatives
In this experiment Romanian traditional productsedRPetroleum and
Propolis) utilized for wooden cultural heritage aBitin R (commercial antifungal

product used as a reference) were used to assesfitdacy against insect.

I nsect species
Trichoferus holosericeus (Rossi) = Hesperophanes

cinereus Villiers (Linnaeus) (Fig.3.22.).

Fig.3.22.Trichoferus holosericeus (Rossi)
(Photo from IVALSA)

Sample Preparation Procedure

1. Paraffin wax (Fig.3.23.) was put on transvessalition of specimens for sealing the

B |

treated with  solutions
Petroleum, Propolis and Biotin R
Three coats of the paraffin at abo
90 °C were applied so that the firs
coat adheres closely to the wood and _ )
Fig.3.23. Preparation for paraffin wax and put
the successive coating bond one to another. ~ Paraffin wax by brushing
2. Specimens except control ones were treated wallations (Red Petroleum,
Propolis and Biotin R) by brushing and mass of dfest solution per test specimen

was determined and reported in Table.3.2. Threeimess with similar retention of

applied products were selected for the experinrertaich solution.
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Table.3.2. Retention of

. . : reservativ lution
3. Glass plate was put in order to provide a latdma preservative solutions

on the test specimens for larvae and was fixed v gpecimen g/m
Red Petroleum 1 57,9
paraffin wax. Red Petroleum 2 50,6
Red Petroleum 5 516
4. Recently hatched 10 larvae ofrichoferus | Propolis 1 95,5
Propolis 4 96,7
holosericeus (Rossi) were placed between glass platropolis 5 96,9
Biotin R 3 67,0
and test specimens (Fig.3.24.). Single specimen WgBigtin R 4 64,1
Biotin R 5 63,7

put in a Petri dish, one specimen in one Petri.dish
5. All specimens were placed in the testir
chamber, ventilated and air conditione

chamber, controlled temperature at (22€2)

and at a relative humidity (70£5)%.

Fig.3.24. Specimen with exposed larvae

Assessment Procedure

After 4 weeks and 12 weeks, all specimens wereergbd by naked-eye,
stereomicroscope and X-ray radiography. In the specimens were cut up with
microtome (Fig.3.25.) in order to count how manyée were alive in specimen. This

microtome is mainly used for slicing animal andnpla

-
tissues, being simple to use, easy to operate jﬂd

highly practical. After specimens were cut up wi
microtome, slices of specimens were observed

stereomicroscope.

Fig.3.25. Microtome
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3.5 Methods and techniques
3.5.1 Physical parameter
Physical parameters of samples such as moisturéerdofMC), density,

porosity, and shrinkages were calculated with ghlewing formula:

MC (%) = (W-Wog) / Woq X100 (3.1)
W = the weight of specimen of wood in the condigiaaf humidity considered (“original”
state),

W4 = the weight of the same specimen in the overstiige;

Density p) =m/V (3.2)

m = mass, V = volume, both at the considered candt

Shrinkage = ¢— ) / I x100: (3.3)

I, = the length before shrinkings the length after shrinking;

Porosity (Z) = (1 po/1530) x100(%) (3.4)

po= oven dry densityyo = Wy / Vo (kg/nt).
The physical parameters of sample without tempathwith tempera (sample

A) were considered and compared in order to clah&impact on wood. Those data

were interpreted with statistical software R.
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3.5.2 Colorimetry

Colorimetry is non-destructive technique to cohfp@ment colour
changes, giving the description and qualificatidrhoman colour perception. This
includes studies of the colour —matching charasties of the human visual system,
the ability of observers to notice small differemae colour, the phenomenon of
adaptation to differently coloured light sourcesd atudies of human perception of
colour in general. Colorimetric evaluation offelse tsame perception as the human
eye, with the benefit of being free from subjectawgd varying external influences,
thus providing objective results. As opposed speaottry, which can be used to
determine, for instance, the decay of a given qolath exposure, colorimetry is used
when it is desirable to express changes in termappkarance (Pinna et al., Eds.,
2009).

In the field of art conservation, colorimetry ippdied to evaluate the
differences between colours of neighbouring areesartworks before and after
conservation, to monitor fading phenomena caused ekposure to specific
environmental conditions, and to study colour alien, for instance resulting from
the application or removal of top layer of varnish.

Since the early 1920's, a significant goal of caefigion research has been the
specification of human color response in a way taat be implemented as electronic
color measurement devices-colorimetry. Starting981, much of this work has been
done under the auspices of the Commission Intennaé de I'Eclairage (CIE), an
international clearinghouse for color researchratersities and research laboratories.
All the CIE and related colorimetric models aredzhen the trichromatic outputs of
the R, G and B cones. This framework allows pregiaghematical modeling of color
vision using computerized spectrophotometric mesament.

A recent milestone in this effort is the CIE L*&*bolor system (CIELAB for
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short), first published in 1976. CIELAB has a lorggearch pedigree, starting from
the Munsell color model. In fact, differences inaranotation aside, the color spaces
defined by CIELAB and Munsell are similar. The CKR colour difference between

two samples is defined as:

BE* = || (AL + (8% +(Ab%)° (3.5)
where AE is the magnitude of the colour ﬂ.._—-l'il"_’l‘_':
difference andAL*, Aa* andAb * are the f.“ il .\_\F
differences in L* a* and b*coordinates, , I -

green |\
p |
respectively, of the two colours. —B ‘

Ay
CIE LAB 1976 made it possible to| | it
plot points within a linear structure. It made

the shape similar to a sphere (Fig.3.26.) with Mt A

B LN LA CIE}I??B

. . . L- black

the lightness axis running through from togiig.3.26. CIE L*a*b* 1976 color space

to bottom. This enabled mathematicabppearance (Pinna et al., Eds., 2009)
modeling to be used to more easily predict positiohcolour within the CIE 1931
Chromatic Diagram. Using the CIE LAB model has saesrictions including that
the sphere is effectively sectioned into cubessoetare areas not covered. Extending
this into the LCH model (lightness, chroma, hudpsdecause the model is cut up so
that the curved polar areas fit more precisely.

For the foreseeable future, new standard will dsepted. In the standard, the
different calculation is proposed. Because the b*atolour does not have exact
equidistance between perceived colours (differendbe saturated colours are more
dfficult to perceive), the colour difference formaul\Eg, modifies the lightness,
chroma and hue (L*C*h*) of L*a*b* colour space bwdorporating factors that

correct for variation in perceived colour differenenagnitude. It is therefore
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recommended that the colour differences for eadtispens is calculated from the

equationAE*y, between two colours is:
* 2 * 2 * 2
AE*,, = (AL j +(AC j +(AH j (3.6)
kS keSc KnSq

C =va*? +b*?

AH = /(AE¥) 2 - (AL*) ? + (AC)?
S=1

Sc =1+ 0.043C*

Sy =1+0.013C*

kL = ke = kq = 1 (default)

The parametric factors, Kk ke, ky are correction terms for variation in
experimental conditions. Under reference conditiare all set at 1 (CEN/TC 346,
2008). Although this new equationE*y,) is considered to bring algebra closer to
human experience, it is still under the discus$mrstandard. With this reason, CIE
LAB 1976 was used in this research.

Minolta Chroma Meters CR-200 has been used to mesae colour of
Sample A. Technical data is as following.

Type: Reflected-light aoieter;

Receptors: 6 silicon photocells filtered to def@atnary stimul stimulus
values for red, green, and blue light;

Spectral response: Closely matches CIE Standardr@dascurves;

Light source: Pulsed xenon arc lamp;

lllumination/measurement system: Diffuse illumiwoatiC® viewing angle;

Measuring area: @8mm.
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353FTIR-ATR

Infrared spectroscopy allows the chemical chareetiéon of materials, both
organic and inorganic. The result of an infraredlgsis is a spectrum, where the
percentage of transmission/absorbance of the saspletted against wavenumbers
(cm™) in which the transmission/absorbance of the aalysample occurred (Pinna
et al., Eds., 2009). Attenuated total reflectan8€R) infrared spectroscopy is a
measuring technique for superficial analysis ofenats.

In this research FTIR-ATR technique has been ugsaidbserve the penetration
of the treatment solutions with sample without tenap FTIR-ATR measurements are
performed upon contact of the material to be amalywith a medium of high
refractive index (internal reflection element, IREhe ATR crystal. As infrared
radiation impinges on the IRE, it is totally refied. However, if an IR absorbing
medium is placed in contact with the IRE, the egarat wave becomes attenuated,
with specific wavelengths absorbed at each reflacpoint by the IR absorbing
medium. From the attenuated radiation a spectrymnoduced which is characteristic
of the absorbing material.

The spectra have been recorded with an ALPHA FBilectrophotometer
from Bruker Optic, Germany, which is the smallesiIFE spectrometer and an
advanced flexible bench-top instrument suitable

for routine applications as well as laboratory I g._:‘j;#

research (Fig.3.27.). ALPHA is designed for

measurements mainly in the mid — infrared regi

Fig.3.27. ALPHA FTIR from

Bruker (Image from Bruker)
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3.5.4 X-ray Radiography

When in 1895 Wilhelm Réntgen discovered X-rayss tbpened up a new
way for people to ‘look through things’ (Rontger896). Since its invention, the
technique has become an invaluable tool for comasers and researchers and has
been applied to a great variety of materials (L&@p5; Berg 2008). X-ray
radiography is a very useful technique to investigae internal structure condition
and allows investigating the condition of wood (Rinet al., Eds., 2009). In this
research x-ray radiography technique was useddtecting how many larvae were
alive in the specimens. X-ray radiography is angmg@ technique applicable for the
examination of any art object on a moveable suppgmat allows X-rays, to run
through. It is a non-destructive method. The ordteptial effect to the objects is due
to their exposure to the dose of X-rays during mheasurement. A limitation of
conventional X-ray imaging is that not depth resdivinformation is obtainable.
Therefore to securely interpret the X-ray imags, recorded information has to be
evaluated with reference to the visible image andamparison with other technical
images such as IR reflectograms.

In this research X-ray radiography has been camigidto see how many

larvae are in specimens. The exposure was obtayedtting the specimens in direct

contact with a fine grain radiographic fil
(Agfa Structurix D7 DW)(Fig.3.28.). The
exposure conditions were: voltage 28 k
anodic current 5 mA; distance X-ray tub
object 700 mm; exposure time 3 min.

Fig.3.28. Specimens on the film
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3.5.5 Naked-Eye Observation

In insect attack test, all specimens were obsewitd naked-eye without a
magnifying lens or a microscope to control how mpolwdery frass they produced in
omaking tunnel galleries in wood samples and howyrtannels larvae made. The
first unaided eye observations can give a roughimportant information, how active

the exposed larvae were. Naked-eye observationeg®bthe most fundamental ways.

3.5.6 Ster eomicroscopy

Micro-structure characterization of specimens haenb performed by
stereomicroscope (WILD Heerbrugg M420) observatioBsereomicroscope is
effective in revealing the details of surface cdiodi and counting exactly how many
tunnels larvae made in insect attack test.

Stereomicroscope, also called dissecting microscammsists in two
compound microscopes which focus on the same fraimt slightly different angles.
This allows the specimen to be viewed in three dsmans. As opposed to compound
microscopes, the image is upright and laterallyresr (not upside down and
backwards). Stereomicroscopes are relatively lowgr compared with compound
microscopes, usually below 100x. They can haveangles fixed magnification,
several discrete magnifications, or a zoom magatibe system. (Mabuchi et al., ed.,

2003)
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3.5.7 Visual assessment

Subjective visual rating of sample is the tradiibmethod for assessing
progressive microbial spoilage with samples wittmgera painting (sample A) after
100 RH.

Assessment of mould attack has been carried ott sumple visual grading

criteria (Fig.3.29.). The rating scheme was base@&wopean standard (prEN 927-3

1995).
0 - No growth
1 +/-
2 +
3 ++
4 +++
5 ++++
6 +++++
7 ++++++ Over excessive

Fig.3.29. Grading of mould attack

Surface discolorations by mould attack degradeathygearance and value of
panel painting and are early indicators of susbéyi to general mould attack and
environmental condition. The purpose of this assess is to have a visual idea of the

differences between treatments.
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3.5.8 Satistical software R
Due to the dispersion of the physical parametggdistical analysis had been
carried out. To do this, the application R (Ihaka &entleman, 1996 R Development
Core Team, 2008; http://www.r-project.org/) was dis&k is a language and
environment for statistical computing and graphithkis software is an integrated
suite of software facilities for data manipulati@ajculation and graphical display. It
includes
- an effective data handling and storage facility;
- a suite of operators for calculations on arraygarticular matrices;
- a large, coherent, integrated collection of imediate tools for data analysis,
graphical facilities for data analysis and dispdather on-screen or on hardcopy;
- a well-developed, simple and effective prograngnianguage which includes
conditionals, loops, user-defined recursive funiand input and output facilities.
The interpretation by boxplot with notch was usdtukee the result visually
(Fig.3.30.). A notch is a V-shaped indentationhia box, centered on the median line.

This feature is a quick way to decide if the

medians in any two boxes are different

140 |
|
|
|

0 N -
|

from each other at the alpha = 5% "[| » ¢ :

80 [ | T —_

significance level. If the notches overlap « i :
(looking horizontally across the boxes in t i _'
the default orientation), they are not T 2 3
different. Separated notches are different. 33§ Boxplot

The box limits represent the lower quartile Q1ti2percentile) and upper
qguartile Q3 (75th percentile), the median is digpthas a line across the box. The
median is the position index and the differencevben the first and third interquartile

IRQ (Q3-Q1) the dispersion index. Whiskers are drénom the upper quartile to 3/2
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IRQ value, and from the lower quartile to the -BR2) value. Outside and far outside

values may be displayed as symbols (Fig. 3.310t(®a2009a, b).

—OR
Qi Q3
Q-1 ?xICIR Q3+ .5x0R
I
é ¢ Median g
1 L L 1 L L i 1 1 [ 1 L |
le] 50 40 Jo. -2o 1o 0 g 20 130 dg 5o Eo
26980 067450 067450 > 6980

i 2465%
1 ] 1 1 |

o S0 40 <36 20 Qo 0 16 2o 3@ 4o 50 6o

Fig.3.31. Boxplot and a probability density functigpdf) of a Normal N(04%)

Population kttp://en.wikipedia.org/wiki/Box_plgt
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CHAPTER 4:
RESULTS AND DISCUSSION



4.1 Moisture conditioning
4.1.1 Samples without tempera painting

In this experiment, two sizes of samples (5x2x1x3 cm) were used. But as
there is not significant difference between siadlsjata have been elaborated together.
Penetration

The penetration of the solution has been consideyesimply weighting the
variation of mass during the treatments (Red Ratral and Propolis) and for each
relative humidity (RH) at equilibrium and also ugithe FTIR-ATR technique.
Weight variation during treatments

The weight of specimens was measured during teatnrents and the
exposure of each RH at equilibrium. Fig.4.1. shokes weight variation during the
treatments. Taking into account the different aitveight of lime and oak, two lines
(in Fig.4.1.(c) and (d)), a line treated with ReetrBleum for lime and a line treated
with Propolis for oak) were put down parallel irder to have the same initial weight
to compare the difference between Red PetroleumPaoplolis. Fir and oak samples
do not have any difference between the treatmetit Red Petroleum and Propolis
and the weight increased a little, meaning thatpeeetration of the products into
those woods is very small. On the contrary, poplad lime have almost the same
characteristics as for the specimens treated wibipd¥s which increases more than
for Red Petroleum. The weight of specimens treatgith Propolis for poplar
increased up to 1.8g for 60 minutes and 1.6g fmeli The weight of specimens
treated with Red Petroleum increased 1.3g for pagota 1.1g for lime respectively.
Poplar absorbs products slightly more than limentFrone side it seems that the
penetration of Propolis is higher than Red Petrletut, considering that the

Propolis is diluted into ethyl alcohol, which isryevolatile, probably the higher
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Weight (g)

Weight (g)
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penetration of substance is for Red Petroleum, lwhkimes not have solvent; it is a

solution itself.
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Fig.4.1. Weight variation during treatments

Weight variation for each RH at equilibrium

The weight variation for each RH at equilibriunshzseen measured (Fig.4.2.).
The weight at 0% €1 OD (oven-dry)) is the weight before treatmentsedafment
solutions were applied aftef' 10D and then specimens were put at each RH until
equilibrium. Taking into account the differencestioé weight for 1 OD of lime and
oak, two lines (in Fig.4.2.(c) and (d)), a lineatred with Red Petroleum for lime and a
line treated with Propolis for oak) were put dowargllel in order to have the same
initial weight to compare. Fir and oak samples oo Imave any difference between
Red Petroleum, Propolis and untreated specimens. Whight at each RH at

equilibrium is almost the same and the graph lofds and oak overlap to each other.
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Poplar and lime have almost the same charactexisfipecimens treated with Red
Petroleum display a greater weight than Propoli amreated samples from 100%
RH to 25% RH and the weight at 09%{®D) RH is almost the same.

The results of weight variation during treatmenig(#.1.) show that fir and
oak samples do not absorb any treatment solutiorpdyplar and lime absorb some
solutions, more Propolis than Red Petroleum. Howefie results of weight variation
for each RH at equilibrium (Fig.4.2.) shows tha theight of the specimens treated
with Red Petroleum always display greater valuas fRropolis. As it is discussed in
the weight variation during treatments, Propolidilated with ethyl alcoholic solvent
at 20% and ethyl alcohol is a fast-evaporating estiOh 2003). This evaporated
after Propolis treatment. This is the reason wheydpecimens treated with Propolis
have lower weight than Red Petroleum for each RHeaaiilibrium. These results
could explain that penetration of Red Petroleumgber than Propolis. In addition, it
should be underlined that the weight &f DD of specimens treated with Red
Petroleum and Propolis is almost same, demongrétist Red Petroleum is volatile
compounds and most of it evaporates at OD statgh (t@mperature). Taking into
account these results, Red Petroleum penetratpgedeet it is easy to evaporate and

lose the solution from specimens treated with RetdoReum at high temperature.
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Fig.4.2. Weight variation during for each R.H. quiibrium

FTIR-ATR analysis has been carried out in ordeddtect the penetration of
treatment products (Red Petroleum and Propolis).
- Red Petroleum

In order to detect the penetration of Red Petralethree FTIR-ATR spectra
(untreated wood, wood treated with Red PetroleuchRed Petroleum solution) have
been obtained (Fig.4.3.).

Several points (different depth) were analyzed. evwv, Red Petroleum has
been detected in all points and for this reasory dhé result in the middle of
specimen is included in this thesis.

As for untreated wood, there was a strong broad Gtréiching absorption

band around 3425 chand a prominent C—H stretching absorption bandrat®931
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cm’. Since these bands have contributions from bothotgdrates and lignin, they
have a limited use in analyzing the chemical charmjevood due to treatment (Wang
2008). In the fingerprint region between 800 an60L8ni', there were many well-

defined peaks providing abundant information onotesr functional groups present in
wood constituents (Table.4.1.). The stronger alispr@at 1735 (3) and 1238 (10) tm

! reflected a higher holocellulose (cellulose anthigellulose) content present in the

hardwood (Wang 2008).

2
\\j Wood Treated with RP
4 I o Untreated Wood
4.0 mm .
Solution of RP
1mm :
10
dcd 11 13
3
=3 1 g
2 8
2 3 7
2 5
T [ T [ _— T [ [
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Fig.4.3. FTIR-ATR spectra for specimens treatedh\Wed Petroleum in Lime
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Table.4.1. Assignment of absorption IR spectra péakvood (Wang 2008)

Wave number (cif) Assignments and remarks

3425 (1) O—H stretching

2931 (2) C—H stretching

1735 (3) Non-conjugated C O in hemicellulose (rgla

1639/1654 (4) Conjugated C O in lignin

1596/1604 (5) Aromatic skeletal vibration in ligni

1508/1512 (6) Aromatic skeletal vibration in ligni

1462 (7) C—H deformation in lignin and carbohydsat

1377-1423(8) C—H deformation in lignin and carlaiayes

1330(9) C—H vibration in cellulose; C—O vibrationgyringyl
derivatives

1238/1242 (10) Syringyl ring and C—O stretch gnin and xylan

1157 (11) C—O-C vibration in cellulose and hefhibase

1030-1057 (12) C-O stretch in cellulose and heliniose

898 (13) C—H deformation in cellulose

Red Petroleum can be easily discriminated in wdodfact, the three remarkable
peaks (2800-3000 cfhy are good indicators for Red Petroleum, as thednsmectra

do not have those peaks in this area (Fig4.3.). é¥ew just to confirm this, the
spectra were subtracted in order to detect thetisnleasier in specimens (Fig.4.4.).
This is a good method to detect solutions in wddte result of manipulation shows

that the penetration of Red Petroleum is untilrthédle of specimen.
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Subtraction
(Treated wood spectra - Untreated wood spectra)

Solution of RP

Absorbance

4000 2500 2000 2500 2000 1500 1000 500
Wavenumber cm-1

Fig.4.4. Manipulated FTIR-ATR spectra treated Wiibd Petroleum in Lime

- Propolis

In order to detect the penetration of PropolislR=ATR spectra of untreated
wood, wood treated with Propolis and Propolis sotuhave been obtained (Fig.4.5.).

Three points (surface, beneath the surface andnttidle of specimen) were
analyzed in different depth. The spectra of Prgpalid wood have similar peaks
(Fig.4.5.). Observing the three spectra, it idiclift to detect Propolis in wood. And
the same procedure of subtraction was conducteddier to detect Propolis in wood
(Fig.4.6.). The spectra after subtraction evidetheepresence of Propolis only at the
surface, while in the spectra of beneath the searéaa in the middle of the sample we
can not clearly distinguish any peaks of Propdilisis result shows that Propolis is,

most probably, not penetrated inside the wood.
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Fig.4.5. FTIR-ATR spectra for specimens treatedhWwitopolis in Lime
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Fig.4.6. Manipulated FTIR-ATR spectra treated wAtiopolis in Lime
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From these FTIR-ATR analysis, it is confirmed tlia¢ penetration of Red
Petroleum is until the middle of specimens (abautr§, on the contrary Propolis is
only surface.

Taking into account the weight variation duringatreents and for each RH at
equilibrium and FTIR-ATR results, Red Petroleum gtestes a lot, but at low RH
condition Red Petroleum evaporates, meaning thatsdmples treated with Red
Petroleum lose the treatment products at low RHditimm and mostly at high
temperature. On the other hand, higher amount gbd¥is solution penetrates more
than Red Petroleum during the treatment by immerdout solvent (ethyl alcohol)
evaporates soon and Propolis substance remainsaonlihe surface of samples.
Samples treated with Propolis do not lose Propsilibstance even in low RH
condition or high temperature.

All these results suggest that Red Petroleum doeshemically interact with
wood substance so much and it is easier to vapatizew RH condition or high
temperature than Propolis. On the contrary Propoteracts chemically with wood
substance and it is not easy to vaporize evenvatRél condition and remains on

wood surface.
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Physical parameters
Moisture content (MC)

MC for each relative humidity (RH) at equilibriumas calculated with the
formula (3.1) (Fig4.7.). In all species of wood, M samples treated with Red
Petroleum was higher than those treated with Pi®pold untreated ones, especially
in fir, poplar and lime. Oak (d) sample shows altmas difference between untreated
and treated specimens. In fact, the weight of spes changed very little before and

after treatment due to the poor penetration ofristment solutions.
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Fig.4.7. MC versus RH of untreated and treated wood
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Fig.4.8. shows the sorption hysteresis for the waanrdples in climatic cell for
50 weeks, the adsorption process and the desorgioness (Ishimaru 2001).
Previous hysteresis was traced for not more thaerabweeks (Stamm 1941; Stamm
1964). There were no significant differences framvpus results. In this experiment,
the samples were planned to stay in the climatic datil equilibrium but it seems
that specimens at 100% RH for 7 weeks were noesaelithe equilibrium (Fig4.7.)

in all species of wood, while equilibrium moistuentent (EMC) at 100 RH at 2@

is about 30% (Table.4.2.).
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Fig.4.8. Adsorption dpen symbols) and desorptionsflid symbols) isotherms of
wood moisture-conditioned for a period of 50 we@ikkimaru 2001)

Moisture content (%)
il
L
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MC at 85%, 65% and 25% of specimens can be comsldar reach the

equilibrium from solid symbols of Fig.4.8. and Taldl.2.
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Table.4.2. Typical values of EMC of wood (Uziel0@6)

RH TemperaturéQ@)

0 10 20 30 40 50 60 70 80 90
10% 3% 3% 3% 2% 2% 2% 2% 2% 1% 1%
2000 5% 5% 5% 4% 4% 4% 3% 3% 3% 2%
30% 6% 6% 6% 6% 6% 5% 5% 4% 4% 3%
40% 8% 8% 8% T% T 7% 6% 6% 5% 4%
50% 10% 10% 9% 9% 9% 8% % 7% 6% 6%
60% 12% 11% 11% 11% 10% 10% 9% 8% 7% 7%
70% 14% 14% 13% 13% 12% 11% 11% 10% 9% 8%
80% 17% 17% 16% 16% 15% 14% 14% 13% 12% 11%
90% 22% 22% 21% 20% 19% 18% 17/% 16% 15% 14%

100% 33% 32% 31% 30% 29% 28% 27% 26% 25% 24%

Red Petroleum is hydrophobic solution but MC of gke®s treated with Red
Petroleum is always higer than samples treated Ratipolis or untreated samples.
MC is calculated with the following formula.

(W - W4 )/ W x100 (3.1)

W should be the weight of sample (the weight of v@ubstance and the
weight of water (moisture) in the wood). But ingl@xperiment W included not only
the weight of water but also the weight of treattr@noducts as well. The weight of
treatment products has enormous impact on MC dtieetpenetration of the products,
especially in Red Petroleum. Actually MC was not CMbut “moisture plus
treatment product content”. Taking into account,tiMC was calculated again with

the modification by eliminating the weight of trergnt products. As a result MC is
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almost the same in different treatmets (Red PetroldRP), Propolis (P) and
Reference (untreated sample))(Table.4.3.).

Table.4.3. MC before and after modification

{ay Fir
Before modification After modification

100%RPH | 85%RH | B5%RH | 25%FRH 100%RPH | 85%RH | B5%RH | 25%FRH
RF 24,82 18,80 16,49 7,26 23,12 18,37 14,75 5,74
P 21,33 17,24 14,10 5,87 23,74 18,849 15,17 5,90
Feference 22,14 17,61 14,13 5,489 22,14 17,61 14,13 5,489
(b Foplar
Before modification After modification

100%RH | 85%RH | B5%RH | 25%FH 100%RH | 85%RH | B5%RH | 25%FH
RF 30,05 24,28 20,34 10,53 20,30 16,42 12,71 4,48
P 19,92 15,96 12,77 4,87 20,96 16,95 13,14 4,64
Reference 21,39 17,35 13,48 4,889 21,39 17,35 13,48 4,889
{cy Lime
Before muodification After modification

100%PH | B5%RH | B5%RH | 25%FRH 100%PH | B5%RH | B5%RH | 25%FRH
RFP 28,68 21,00 16,75 7,480 17,01 12,17 9,13 2,85
P 21,65 16,34 12,79 4,78 22,36 16,09 12,16 4,03
Reference 23,83 17,40 13,31 4,84 23,83 17,40 13,31 4,84
{dy Cak
Before modification After modification

100%RPH | 85%RH | B5%RH | 25%FRH 100%RPH | 85%RH | B5%RH | 25%FRH
RFP 23,43 18,41 15,10 5,66 22,52 17,52 14,26 5,158
P 22,17 17,80 14,66 5,26 21,68 16,87 13,74 4,96
Feference 22,96 17,86 14,54 5,25 22,96 17,86 14,54 5,25

According to Table 4.3., the recalculated valueslime are less uniform.
Probably the treatment with Red Petroleum remowesesterpenic compounds from
lime wood. Another physical effect by this remowall be the anomalous shrinkages
of Red Petroleum treated lime samples.

The data of MC (original data before modificationgre interpreted with
statistical software R (Fig.4.9.). The variability data can be seen visually with
boxplot. These boxplots are made with the mixta@af all species of wood at each
RH These boxplots show that apparently MC of RettoRaim displays always
higher than Propolis and untreated wood sample tduéhe penetration of Red

Petroleum.
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Fig.4.9. Box plots of MC of treatments

Fig.4.10.(a) shows the MC at 100% RH in each speare each treatment.
MC of poplar and lime treated with Red Petroleusptiiyes much higher values than
untreated specimens and treated with Propolisa¢h epecies, there is no overlapped
area in boxplot, meaning that there is a significatatistic difference between
specimens treated with Red Petroleum and untreateédPropolis treated specimens.

Fig.4.10.(b) shows the MC at 85% RH in each speares each treatments.
Distribution is similar as for 100% RH At 85% RH,QMof oak does not have
significant difference between treatments, confirgnihat the amount of treatment
penetrated into wood is very small. For fir theseaisimilar distribution as for oak,
although MC treated with Red Petroleum displayi bigher values than ohers.
Fig.4.10.(c) and (d) show similar distribution as 85% RH, just the value of MC is
shifted at each RH.

For each RH and species, specimens treated wighols displayed slightly
lower MC than untreated specimens. In poplar, sanvglated with Red Petroleum
has a large variability than untreated specimeinksspecimens treated with Propolis.
Even the minimun is higher than the maximum valdieuntreated and Propolis

samples.
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Taking into account all the results of MC, what wthdoe underlined is that
specimens treated with Red Petroleum always didptgtyer MC, especially in poplar
and lime, the difference being remarkable, becausieose two species the treatment
absorbed by the specimens was higher and it wassalatl lost during oven-drying

together with water.
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| HE Red Petroleum
iy — Propolis
... —1 untreated __
— o
Fir Lime Oak Poplar

(d) 25% RH
Fig.4.10. Boxplots of MC at each RH
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Density

Density at equilibrium at each RH was calculatedhwhe formula (3.2)
(Fig.4.11.). From these results there are someerdifices between species and
untreated and treated samples. Fir wood (Fig.4aY)l1dqoes not have significant
difference between untreated and treated specimiéres.graphs of untreated and
treated fir overlapped to each other. Poplar sasnffiég.4.11.(b)) have significant
difference between untreated and treated samptem E00% RH to 25% there is a
remarkable difference, specimens treated with Retdoleum displayed the highest
density, followed by Propolis and untreated sampldswever, when the specimens
were put at 0% RH (oven dry), the density at 0% H&id almost the same values in
Red Petroleum and Propolis specimens, confirmingt tihe most of the Red
Petroleum treatment were lost during the oven dryis for lime (Fig.4.11.(c)),
specimens treated with Red Petroleum always diedldlye highest value, followed
by Propolis and untreated samples. As for oak 4Fid.(d)), specimens treated with
Red Petroleum and Propolis overlapped to each atietuntreated samples displayed
lower values.

There is a difference between species and treasmaut it is extremely
important to compare the data with the initial digngbefore treatment). Initial
density is displayed in Table.4.4. Specimens weepared from the same bars but
there is a natural variability in wood (Tsoumis 1R%ven if from the same bar. This
is one of the most important characteristics ofarg materials as wood.

Table.4.4. shows that fir and poplar samples haeesame initial density.
However, lime and oak samples have a variabilitghlighted in yellow). Initial
density treated with Red Petroleum was 0.08 /gneater in lime and untreated
sample was 0.04 g/éhvsmaller in oak. Taking into account these varighilthe

whole line of lime sample treated with Red Petroieand untreated oak sample were
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put down parallel in order to have the same initiahsity with other samples and

compare between different treatments of samples4Hi2.).

0,8 4 0,84
—m— Untreated —m— Untreated
—e— Red Petroleum —e— Red Petroleum
0,7 . 0,7 .
Propolis Propolis
w’é‘ 0,6 m’g 0,6
% 89 e —® -
> > ,,,,,,,o—ff*””””’”””??
‘@ 05+ 2 054 —— — ]
9] [ [ -
o [a) P
0,44 . A——"0 0,4
0'3 T T T T T 0'3 T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
RH (%) RH (%)
(a) Fir (b) Poplar
0,8+ 08 - -
—=— Untreated Initial density was 0.08 ° o
—e— Red Petroleum + [ "
074 Propolis greater. 07 — "
Initial density was higher
-
2 0.6 . T 06- 0.04 smaller
3 ' %, —m— Untreated
2 . > —e— Red Petroleum
% 0,5 //./l/ @ 05+ Propolis
a — " 8
0,4 044
0,3 T T T T T 0,3 T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100
RH (%) RH (%)
Fig.4.11. Density versus RH of untreated and tceateod
Table.4.4. Initial density (g/chhof specimens
Fir Poplar Lime Oak
Untreated 0.40 0.48 0.49 0.74
Red Petroleum 0.39 0.49 0.57 0.77
Propolis 0.39 0.49 0.49 0.78
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Densiy (g/cm®)

After the correction, the density of untreated lin@s smaller density than
specimens treated with Red Petroleum and ProgsitisA(12.(a)). The density of oak

is almost same in all data (Fig.4.12.(b)) as inftélewing graphs.

0,8 0,8 4

=
L}

0.7+ —m— Untreated 0,7
—e— Red Petroleum —m— Untreated
Propolis 1 —e— Red Petroleum

o
o
1

Propolis

___@——— o
-——H

o
3
1

0 0,5

Densiy (cm®)

—_— —

o
>
1

0,4

03 T T T T T T T T T T 0.3 T T T T T
0 20 40 60 80 100 0 20 40 60 80 100

RH (%) RH (%)

(a) Lime (b)Oak

Fig.4.12. Density versus RH after modificai

The data of density were interpretedwith statistscdtware R (Fig4.13.). The
variability of data can be seen with boxplots. Baenples of lime and poplar treated
with Red Petroleum are denser because the amouymtodfict that penetrated into
wood is higher. The densities of the oven dry saspglemonstrate that most of Red
Petroleum treatment evaporates during oven-drye.stas a result the density of
sample treated with Red Petroleum and Propolis doefave significant difference,
although untreated samples is slightly smaller.

These boxplots were made with original data byisteal software R
(Fig.4.13.). Taking into account of initial densityr, lime and oak samples does not
have significant difference between treatmentsssizlly. On the contrary, poplar
samples have still significant difference, confingiithat there is an impact of Red
Petroleum on density, especially at 100% RH and 8%%

There is some difference between the result oframees (Fig.4.11. and
Fig.4.12.) and boxplot with statistical sofwarefg(4.13.). With all results of density,

it should be mentioned that when data have anmeti@utlying number in the group,
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the average can get skewed. With this reason megilaie is often a better indicator

of the middle than the average. Therefore statisiitepretation can be more precise

and reliable than average.

I Red Petroleum
C— Propolis
1 Untreated

— =

u

e —
NS N N\ / — T =
S s
Fir Lime Oak Poplar
(a) 100% RH
={ mmmm Red Petroleum — jgj
—1 Propolis —=
L1 Untreated — _
Fi \ VAN I —_—
= = 7= =
e - ' V=N
Fir Lime Oak Poplar
(b) 85% RH
={ I Red Petroleum E—
.| == Propolis =
.| = Untreated
| =
Fir Lime Oak Poplar
(c) 65% RH
1 Red Petroleum — -
1 Propolis s—=
1 Untreated
X e
Fir Lime Popla
(c) 25% RH

Fig.4.13. Boxplots of density at each RH
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Shrinkage

Shrinkage at equilibrium for each RH was calculakgith the formula (3.3).
Fig.4.14. shows radial shrinkage and Fig.4.15. shiangential shrinkage for average
value.

For radial shrinkage (Fig.4.14.), there is a sldjifference between treatments.
Fir samples have the lower shrinkage, followed bglar, lime and oak. The value of
shrinkage is higher with higher density (Stamm 196goumis 1991). Taking into
account the density of specimens: fir (0.40 gjcrpoplar (0.48 g/cr); lime (0.49
g/ent); oak (0.74 gl/crd), the results of the magnitude of radial shrinkage exactly
in the same order of the density.

For tangential shrinkage (Fig.4.15.), there i® asslight difference between
treatments. Fir samples have the lower shrinkagmwed by poplar and lime. They
are similar and oak samples have the higher shyenk&angential direction shrinks

more than radial one as usual in wood.
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1,54 - 15 _
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0 20 40 60 80 100 0 20 0 o - -
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y 354 .//
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(52
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2,0
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0,54 /// 0,5 //
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0 20 40 60 80 100 0 20 40 60 80 100
RH (%) . RH (%)
(c) Lime (d) Oak

Fig.4.14. Radial shrinkage versus RH of wood itaeld treated wood

-81-



Shrinkage (%)

Shrinakge (%)

—m— Untreated
—o— Red Petroleum —m— Untreated

6 Propolis _a 6 —e— Red Petroleum
i ] Propolis
.

Shrinkage (%)

T T T T T T
0 20 40 60 80 100

100
RH (%) RH (%)
(a) Fir (b) Poplar
o] "] / :
] —m— Untreated 74
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] —eo— Red P'_stroleum 1 —eo— Red Petroleum
] Propolis " 6 i ¥
6 Propolis _—
] ] o«

Shrinkage (%)
n

-

T T T T T T 04— T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100

RH (%) RH (%)
(c) Lime (d) Oak
Fig.4.15. Tangential shrinkage versus RH of unéeaind treated wood

The data of shrinkage were interpreted with siaistsoftware R with the
same considerations made for the density aboutiameehd average.

Fig.4.16. shows the boxplots of the radial shrirkabhere is not significant
difference between treatments for fir, oak and aogamples. For lime, the specimens
treated with Red Petroleum always display higheinkage than untreated ones and
Propolis except 25% RH due to the penetration @dttment solution. Tangential
shrinkage (Fig.4.17.) displays the same tendenmybdbly Red Petroleum act as a
solvent of some extractives that interacts withirdtages, causing a different

behaviour of this wood.
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Fir Lime
(a) 100% Rt

mmm Red Petroleum
1 Propolis
— Untreated
_ = = D
- = an T
Fir Lime Oak Poplar
(b) 85% RH
B Red Petroleum
C——2 Propolis
1 Untreated
= — =
o= e ik
Fir Lime Oak Poplar
(c) 65% RH
B Red Petroleum
C— Propolis
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Fig.4.16. Boxplots of radial shrinkage at each RH
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B Red Petroleum
1 Propolis
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Fir Lime (a) 100% RHOak Poplar

— 5 -—— ? B N z
B Red Petroleum

1 Propolis
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/1 Untreated

[ 1 Propolis
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Fig.4.17. Boxplots of tangential shrinkage at eRéh
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Tangential shrinkage is always higher. Tangentrainkage varies among
species over the range of about 4-12%, with anativaverage of about 8%. Average
of radial shrinkage values range from about 2% % @oadley 1998). In this
experiment, there exist small difference from Hegd values due to the different
conditions (green and 100% RH) and the variabdityvood (Table.4.5.). Hoadley’s
data is from green timber to oven-dry state, thipeeiment is from 100% RH to
oven-dry, and it has been already said that at 1B6#4he samples didn’'t have time
to reach the equilibrium moisture content. Fromegrémber the shrinkage should be
greater, thus the experimental result can be cersidreasonable.

Table.4.5. Values of total shrinkage

(a) Typical value (Hoadley 1998)

Tangential shrinkage (%) Radial shrinkage (%)

Fir 7.6 3.8
Poplar 8.5 3.4
Lime 9.5 6.8
Oak 10.2 5.2

(Exposure from green timber to oven-dry state)

(b) Values in this experiment (Untreated)

Tangential shrinkage (%) Radial shrinkage (%)

Fir 6.1 2.8
Poplar 6.7 3.8
Lime 6.3 4.4
Oak 7.6 5.1

(Exposure from 100% RH to oven-dry state)
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Porosity (%)

Porosity (%)

Por osity

Porosity at equilibrium at each RH was calculatath whe formula (3.4)
(Fig.4.18.). Porosity directly relates density hesa cell wall specific gravity is
constant. Differences in density and porosity defrem anatomical differences, such
as differences in cell types (tracheids, vessel begmparenchyma cells) and their
quantitative distribution, thickness of cell walé)d size of cell cavities (Boas 1947,
Tsoumis 1991). The different anatomical arrangememtthe utilized species are
clearly visible in the pictures describing the specin the Material and methods
chapter.

The results of density and porosity are similaicsi porosity directly relates
with density and it is extremely important to comgg@orosity and density with their

initial values (before treatment). Initial densgydisplayed in Table.4.6.
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Fig.4.18. Porosity versus RH of untreated and éaatood
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Porosity (%)

Table.4.6. Initial porosity (%) of specimens

Fir Poplar Lime Oak
Untreated 75.6 70.1 69.4 53.4
Red Petroleum 75.9 69.1 64.4 511
Propolis 76.2 69.2 69.3 50.8

Taking into account the initial porosity (Table.3,6he porosity data of lime
and oak were corrected. Fig.4.19. shows the daém afodification. The results of
porosity are the same with density. There is mgniiBcant difference between density
and porosity, deriving these from anatomical ddfeze and the evaluation of the

influence of such microscopic characteristics igegdifficult.
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Fig.4.19. Porosity versus RH after modification
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4.1.2 Samples with tempera painting
Sample A
Visual assessment

After conditioning at 100 % relative humidity (RHyisual assessment has
been carried out for the evaluation of mould attaakging from O (no growth) to 7
(excessive growth) based on the photographic ratiagsification in the European
standard (EN927-3 1995) for painted layer, latenatl bottom, for 100% RH at
equilibrium. Fig.4.20. shows the painted layer @ec@mens for 100% RH at
equilibrium. In these figures, the abbreviationgevesed for the name of specimens
(Table.4.7.). First letter is for species, secomddpecial case (without second letter
means only tempera painting), third for treatmentitson, fourth letter for brushing
way and the last one is numbering. If letters argsimg, simply those treatments were
not applied on specimens. In these figures, onlgges of painted layer are shown.
The reason is that most important surface of alppai@ting is surely the painted
layer.

Table.4.7. Abbreviation in Fig.4.20

Letter Meaning

T Tilia sp. (Lime)

P POpUIUS Sp. (POplar) Wood Species
Q Quercus petraea Liebl (Oak)
N Naked wood (without tempera painting)
Special case
Vv With varnish
R Red Petroleum
P Propolis Treatment solutions
B Biotin R
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b Treatment for only bottom (one surface)
bl Treatment for bottom and lateral (4 surfacesBrushing way

w Treatment for whole surface (6 surfaces)

At 100% RH, specimens treated with Red PetroleuchRropolis had mould
attack. Biotin R samples were the only samples ticlvno mould growth was
detected. Naked wood performed better with lowegree of mould growth of the

tempera specimens in all species of wood.
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Rating for visual assessment of mould attack has lvarried out on painted
layer, lateral and bottom sides for all specimérable.4.7. and Fig.4.20.). Following
Table.4.8. and Fig.4.21., some considerations atefpretations have been given

with some important criteria.
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Samples with tempera and without tempera
The samples with tempera painting had more mouldclatthan without

(Fig.4.22.). As it is well known, substance thamntains organic carbon atoms
(organic substance) will provide sufficient nuttento support mould growth
(Moreira 1981). From this experiment the resultsvstthat moulds preferred egg
tempera containing proteins to simple wood subst@ontaining cellulose; this is not
only due to the fact that the feeding compoundteoifpera layer are easier to digest,
but also to the fact that different species of fucause wood decay (the so-called
“rot” that degrade cellulose and lignin). Yolk (tgellow of egg), vinegar, albumen
(the white of an egg) were used as binders for &apainting. Additionally it could

be possible that some pigments (colors) have afigence on mould growth.

;
6 1 UT: Untreated
5 i
y NT: Naked wood
3 i
2 I
1 i
0
NW uT uT NW uT uT NW uT uT
Without With Without With Without With
Varnish | Varnish Varnish | Varnish Varnish | Varnish
Lime Poplar Oak
Fig.4.22. Painted layer visual evaluation;
Naked wood, untreated specimens without and withista
Wood species

Within the three species of wood, there is a sldjfference. Poplar had most
mould attack then oak, while lime had the least Ish@itack (Table.4.9.). Bottom

(which is always the non painted face) had thetleasuld attack than other faces.
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Painted layer of poplar has the greatest rating leatithe most mould attacks. For
lateral side, transversal section was assessedpmgitudinal section, because there
was almost no mould attack in longitudinal sectibime did not have so much

variability but oak surface had more variabilitathothers (Fig.4.23.).

Table.4.9.
7 7
Visual assessment 6 6
(including all data | ° | I [
Lime 1.6 3] ! \ I I
Poplar | 2.9 2 ] — -; 2
Oak 2.6 1 r1
0 ‘ ‘ ! ‘ ‘ ‘ ‘ ‘ ‘ 0
S ‘ L ‘ B s ‘ L ‘ B S ‘ L ‘ B
Lime Poplar Oak
Fig.4.23. Box plot of visual evaluation (includialj data)
S: Painted layer L: Lateral B: Bottom
Varnish

It is difficult to assess whether there was a d#ffee in specimens with and
without varnish. In lime and oak, specimens withmgh had slightly greater rate than
ones without varnish. In poplar specimens with igrrad slightly smaller rate than
ones without varnish (Fig.4.24.). Varnish could d&esort of barrier to avoid the

penetration of the mould mycelium Ty

into the tempera layer, partly 60 1

@ without varnish
5,0

justifying the lower presence in the
4,0

| with varnish

poplar samples, but the results on theo |

two other species seem deny that fact. |
1,0

More probably the barrier effect of ,,

Lime Poplar Oak
this kind of varnish is practically null Fig.4.24. Painted layer rate with and without vainni

at 100% RH.
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Treatment solutions

In this experiment, Red Petroleum, Propolis andtiBidR were used as
preservative treatment. There is a distinct effgith Biotin R. Biotin R is very
effective against mould attack, and it is indeeavedl known antifungal product.
However, untreated specimens and specimens treaiitd Red Petroleum and
Propolis does not have significant difference famg (Fig.4.25.). The rating of wood
specimens treated with Red Petroleum and Propslialmost the same for the
untreated samples, demonstrating that those preduet ineffective against fungal
attacks.
Brushing modes

The specimens were treated with three brushing mydaettom (1 surface),
bottom and lateral (5 surfaces) and whole surfé§éesurfaces). Taking into account
the visual evaluation of all surfaces (surfacegridtand bottom), the difference in the
brushing mode is not significant (Fig.4.25.). Fig®l shows that, considering only
painted layer, Red Petroleum and Propolis do noe ey effect on brushing way.
However, the effect of Biotin R appears on theate$ where the solution is applied.
There was no mould attack on the painted layer wBietin R was applied there.
Even if Biotin R is applied only at the bottom alateral, the painted layer has less

attack than others.
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Untreated RP P B

Fig.4.25. Rating by each treatment and each brgski&y on painted layer
Colour (pigment)

In general, yellow presents more attack than otbéurs, followed by white
and red. Red has the least attack for three col¢ms.components of pigments could
have influence on mould attack on the painted layer

White : BIANCO TITANIO
Yellow: GIALLO OCRA
Red :TERRAROSSA

Fig.4.26. shows the photos of samples with motidck at 100% RH. The
yellow and white part has sufficiently attackedraguld and red part has almost no
mould attack. From this result, it is possible &ide a bioinducing effect due to the
white and yellow pigment. Fig.4.26.(a) is untreatainple, Fig.4.26.(b) is treated
with Red Petroleum and Fig.4.26.(c) is treated vittopolis. All results have a

similar tendency.
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(5 HPV\'/1 PV2 PV3 (b) TVRb1 TVRb2 TVRb3 ‘(.c’)'épwl QPwW2 QPw3
Fig.4.26. Samples with mould attack at 100% RH

All results of visual assessment are in Table.#4.8s clear that there is a

difference between species of wood and treatméintse samples have the lowest

rate, followed by oak and poplar. Samples treatéd ®iotin R have the least rate

and other samples do not have significant diffeednosisual assessment.

Position in climatic box

The following images are shown the location of glecimens inside the
climatic boxes, although this criterion could net &ssessed with rating, the position
of specimens has little impact on the degree oflchatiack. Climatic box was closed
therefore if the next specimen was contaminateds rhore probable to have more
mould attack (Fig.4.27.). However, in this pothire exists much less influence than

treatment coating.

(a) Poplar
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Fig.4.27. Position in climatic box
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Colour measurements

The colours of specimens (painted layer) have beeasured with and
without varnish, before and after treatments, and®% RH and at 65% RH at
equilibrium. The CIELAB colour difference has beealculated with the formula
(3.5).
Initial colour

There is no difference between species of woodthir initial colour
(Table.4.10.). Panel painting has a multilayer &btive wood (Fig.4.28.) and the

different species do not have any influence orctileur of the painted surface.

Table.4.10. Initial colour

(a) Poplar (b) Lime (c) Oak
L* a b* L a b” L” a b
White 95.09 | -0.68 3.00 White 95.04| -0.70 291 Wyhite 94.65| -0.76 3.02
sOl 021 ] 003] 012 SD| 033 011] 014 SO 042 013 042
¥ ellow 63.45 [ 10.30 | 53.13 fellows 63.54| 10.47 | 53.76 Yellow 63.85| 10.06) 52.89
sol 1.42] 052] 1.14 SD| 066 0236 0.41 SO 008 027 049
Red 37.96 | 17.90 | 20.15 Red 3761 17.61|19.74 Red 38.60| 17.06/ 19.09
sol 07s| 022 o1g sD| 037 021 0.28 SO 058 023 025

Ground layer separation
Picture layer separation
Color layer separation

[ Varnish layer separation

% mg

— Varnish layer
:l' Paint layer

— Ground

Paint layer separation

Picture layer

-- Wood panel

[ Ground

B color layer

O varnish layer Color layer B color layer

Fig.4.28. Stratification of panel painting
Samples with and without varnish
The varnish did not affect the color so much. Tl#orcin L*, a* and b*
changed very slightly. L* represents the lightneassging from 0 (black) to 100

(white), and a* and b* are the chromaticity paraene(+a* for red, -a* for green, +b*
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for yellow, and -b* for blue). After applying vash, white and yellow changed
slightly. Red changed a little bit more than otbelors. The factor of the overall color
change is mainly due to the value of L*, the ligdgs ranging from 0 (black) to 100
(white). The value of L* decreases slightly for afilors. The overall color change

(AE*) in red is the largest, followed by yellow antiite (Fig.4.29.).

3,51 . ]
3 |
2,5 ] —
4 2 ] S
1,5 - ]
1 — |
0,5 { N =
0
White ‘ Yellow ‘ Red White ‘ Yellow ‘ Red White ‘ Yellow ‘ Red
Poplar Lime Oak

Fig.4.29. Colour difference in varnish

In particular,AE is generally used to tell the difference betwiemcolours as
indicated by the follow scale (Limbo 2006):
* AE < 0.2: not perceptible difference
* 0.2 <AE < 0.5: very small difference
* 0.5 <AE < 2: small difference
» 2<AE < 3: fairly perceptible difference
» 3<AE < 6: perceptible difference
* 6<AE < 12: strong difference
* AE > 12: different colours

Taking account of this scale, the difference farmish is small difference for

white and yellow colours and perceptible for reml.this experiment there is not a
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strong difference between the specimens with vararsd without varnish. The data
with varnish and without varnish were mixed togethehe following results.
Treatment

After treatment, there was no difference betweendwspecies. For this reason
we report only the graph of lime as an example .&8§.). Propolis solution has a
great impact on the colour; especially for whitdooo, with a AE* > 12 (colour
changed). Specifically the value ab* changed a lot, which means that the colour
becomes yellowish. The change of color in Propddisoutstanding while Red
Petroleum is slightly (perceptible difference).dase of Biotin R the overall color
change AE*) is very little (small difference). The differees in Red Petroleum and

Biotin R are not so visible with naked eye (Figi)3

25
20
15
L
<
10 —
5
White ‘Yellow ‘ Red | White ‘Yellow ‘ Red | White ‘Yellow ‘ Red
Red Petroleum Propolis Biotin R

Fig.4.30. Colour difference in treatments (Lime)

(a) Red Petroleum (b) Propolis (Ot R

Fig.4.31. Before (left) and after (right) treatment
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100% RH and 65% RH

Colours were affected according to the wood speatidD0% RH. Practically
mould attack affected the colour and the measuiféetehces are related to the rating
of mould attack by visual assessment. Fig.4.32wshmmlour difference in treatments
at 100% RH. In this casAE was calculated as the difference between theucolo
measurement after treatment and after 100% RH.

The more the mould attack, the more the colour gbdn Yellow colour
presents most mould attack, followed by white aed colours, as already stated.
Even if less attacked, in red colour, mould spehege a great impact on colour as in
the case of growth of whitish mould on red. Howewercase of growth of darkish
mould, the red colour changes less than with whitrould. Whitish mould does not
have such a big impact as for white and yellow golo

Poplar samples present the most mould attack amantyst colour changes,
followed by oak and lime. 57% specimens in poplaange to different colour
(AE>12). Lime samples present the least colour chandeactually lime had the least
mould attack. For lime, there is i higher than 12. 13% specimens in oak change
to different colour AE>12). Only for poplar samples, partially treateithvBiotin R,
present mould attack and colour changed. In fpecimens treated with Biotin R for
all surfaces (w) did not have any mould attack goplar. In the case there is not
mould attack, the colour difference can be derjustl by time decay. In lime and oak,
the specimens treated with Biotin R (only the bottside (b) and bottom + lateral
sides (bl)) have less mould attack and less calbange.

There is not significant difference between Rettddaum and Propolis, while
a little more colour change for Propolis. Propdbglf seems to promote mould attack

and consequently the colours changes slightly nmewren if it already changed a lot
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after Propolis brushing. Untreated wood has ledsucochange than specimens
treated with Red Petroleum and Propolis.

Brushing mode does not have significant differeeseept for Biotin R.
Specimens treated with Biotin R on painted layed ha mould attack and their
colour changed very little in all species. In lirmad oak, specimens treated with
Biotin R have almost no mould attack and their aolchanges slightly.

At 65% RH, no mould can grow up. For this reastirere can not be

difference in colour of the specimens between 18M@and 65% RH.
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Detachment at oven-dry

After oven-dry, some detachments of the paintegerlaoccurred in the
specimens, which had serious mould attack. Detachoweurred only for poplar, not
for lime or oak (Fig.4.33.). For poplar, specimdnsated with Biotin R for all
surfaces do not have any detachment. This facteprtivat mould attack promoted the
detachment once the specimens were put in an avenyt After oven-dry painted
layer broke into pieces and completely detached fiwooden support for poplar
(Fig.4.34.). Mould hyphae searched for nutrienithiw the painted layer, producing,

in the most active situation, a mycelium felt tdated in oven, causing the apparent

detachment.
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(c) Oak

Fig.4.34. Poplar samples after oven-dry
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Physical parameter (MC, Density, Shrinkage and Porosity)

In this experiment treatment solutions were appbg brushing and there is
not significant difference between treatments (€abl1.). The difference is almost
the same like variability in wood. When treatmemiusons were applied by
immersion, there is more variability at 100% RH.wéwer, treatment by brushing
does not have such a big difference between tredstme

For example, MC at 100% RH in poplar by immersi@s more than 10%
difference between the highest and the lowest MGwéver MC at 100% RH in
poplar by brushing has only 3 % difference. Thitedence is almost negligible.

In Table.4.11., some abbreviation is used asvaiig.

B Biotin R
R Red Petroleum
P Propolis

U Untreated.
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4.1.3 Sample with tempera painting
Sample B

The exposure from high relative humidity to lowatare humidity forced
wood in loosing water in order to get a moisturateat in equilibrium with the
environmental relative humidity. Fluctuations inethelative humidity result in
changes in the moisture content in wood. Thesetareixontent variations generate
the swelling and shrinking of the wood that polyhe layer can only partially
follow. The scanned images of each sample helpuseé what happened between
panel painting support and polychrome layer (F8H4. It is clearly observed that
detachment occurred when the RH was 25% (correspgrid wood equilibrium
moisture content between 5 — 6%). The detachmeist cl@arly observed in the
following Fig.4.35.

In fir sample (Fig.4.35.(a)) the detachment was8@4nm long and the width
movement of wood support was 1.50 mm. In poplanm@a (Fig.4.35.(b)) the final
detachment was 29.12 mm and the width movemenbofivgupport was 2.93 mm. In
lime sample (Fig.4.35.(c)) the sub-detachment weseived and the width movement
of wood support was 2.81 mm. In oak sample (Fi$.4d}) the detachment was 22.20
mm and the width movement of wood support was g8

The 1% MC difference generates width movement abdvsupport, fir (sub-
radial, 0.08 mm), poplar (sub-tangential, 0.16 mimge (sub-tangential, 0.13 mm),

oak (sub-radial 0.13 mm).

25%, 11.2%, 50.46mm
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85%, 19.0%, 51.15m 65%, 14.9%, 50.53m

ine

(b) Poplar

I8 &

100%, 23.6%, 52.69mm 85%, 19.6%, 52.14mm 65%, 16.3%, 51.61mm 25%, 6.0%, 50.30mm

(d) oak
Fig.4.35. Scanned image during exposure of diffeiReh
Values in graph from left to right: RH(%), MC(%)idth of wood support(mm)

It is clear that during exposure from high relativemidity to low relative
humidity, dimensional changes occur. Fig.4.36. shtlwe overlap of two scanning
images (normal image: RH 100%, transparent imag&6)2Fig.4.36. allows seeing
the dimensional change. Fir and oak shrink a latub-radial direction in width, but
mostly in thickness in sub-tangential directiong(Bi36.(a), (d)) and on the contrary,
poplar and lime shrink in sub-tangential direction width (Fig.4.36.(b), (c)).
Variations of humidity produce dimensional changesl warp and shrinking and
swelling of wood. They are strongly influenced ts/anisotropy, resulting in changes
in form, presence of internal tensions, set warg aracking. In the case of these
samples, thickness and width do not correspondsaigco a wood direction. Radial

and tangential directions are mixed on the diffefaces; this produce distortions
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during drying that are clearly visible in the comspd pictures, that frequently cause
longitudinal surfaces, mostly along width, no méle¢ (e.g. the 2-8 lime sample in
Fig.4.36.(c))

The magnitude of shrinkage is higher with highengiy. This is due to the
larger amount of wood substance (greater cell thadkness) with higher density, and

to the exterior changes of cell dimensions. It lbeasn observed that, when moisture is

lost, the size of the cell cavity remains practicahchanged.

(b) Poplar
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(d) Oak
Fig.4.36. Overlap image (specimens at 100% RH &3d RH at equilibrium)
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4.2 I nsect attack test

4.2.1 Results of insect attack test

The results of the experiments are shown in Table4.12. The test was

considered valid because 70% of larvae exposed to untreated control test specimens

survive. It isdefined in EN 46-1 (2005).

Table.4.12. Results of insect attack test

Larvae recovered Larvae
) Retention of | Initial Number
Duration | Sample . dead Larvae not recovered
preservative number of
of test number 3 Not having Having live | recovered with radio-
g/lecm of larvae tunnells
tunnelled tunneled graphy
Red Petroleum
15 R1 57.9 10 0 0 1 -
R2 50.6 10 4 2 1 3 4 3
weeks
R5 51.6 10 1 3 3 0
Propolis
P1 95.5 10 4
16
P4 96.2 10 3 0 3
weeks
P5 96.9 10 2 3 1 7 4
Biotin R
15 B3 67.0 10 4 4 0 2 6 3
B4 64.1 10 0 1 0 -
weeks
B5 63.7 10 10 0 0 0 0 -
Untreated Controls
C1 - 10 0 0 8 2 9 8
14
C2 - 10 0 6 9 7
weeks
C3 - 10 0 8 10 6

Survival, mortality and unrecovered rate (%) after experiment were calculated

according to the following equations with the respective numbersin Table.4.12.:

Surviva rate (%) =
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(the number of live recovered larvae / the initial number of larvae) * 100 (%);
4.0
Mortality rate (%) =
(the number of dead recovered larvae (the sum of not having tunneled and

having tunneled) / the initial number of larvae) * 100 (%); (4.2

Unrecovered rate (%) =
(the number of not recovered larvae/ the initial number of larvae) * 100 (%).
4.3

The average values of survival (4.1), mortality (4.2) and unrecovered (4.3)
rate calculated on all treatments are reported in Table.4.13. and, for clarification also
in Figure . Significantly there is a difference between preservative treatments in
survival rate and mortality rate. But unrecovered rate does not have significant
difference; each rate is similar. As reported by other authors (Fox 1975; Kusano et al.
1985), cannibalism is behavioral trait found in wide variety of animals and insects.
The reason of unrecovered larvae would be of cannibalism. Or in the end of
experiment specimens were cut them up with microtome (Fig.3.25.) and then small
tiny larvae could have fallen down.

The survival rate and mortality rate demonstrate that there is a significant
difference between treatments. As for survival rate, no live larvae were recovered in
specimens treated with Biotin R, it means 0% of surviva rate for Biotin R, 13 % for
Red Petroleum, 43% for Propolis and 73% for untreated controls. On the contrary
90% of larvae died in the specimens treated with Biotin R, 63% for Red petroleum,

40% for Propolis and 10% for untreated controls.
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Table.4.13. Survival, mortality and unrecovered rate of each treatment

Survival rate Mortality rate  Unrecovered rate

Red Petroleum 13% 63% 23%
Propolis 43% 40% 17%
BiotinR 0% 90% 10%
Untreated (References) 73% 10% 17%
Survival rate
100
80
< 60 +
< 40 |
20
0 1 1 1
Red Petroleum Propolis Biotin R References

Fig.4.37. Survival rate of each treatment

The number of dead recovered larvae not having tunneled demonstrates how
toxic the preservative treatments are. Preservative treatments should have repellent
effect. Repellents prevent a pest from reaching a food source or move it away once it
is there. (Robinson 2005) 77% of larvae in Biotin R died on the surface of specimens
or near the specimens, 53 % for Red Petroleum, 23% for Propolis, 3% for untreated
controls. These values were calculates using the following expression, (The number
of dead larvae not having tunneled / the initial number of larvae *100). From this
number Biotin R has most repellent effect against the larvae, then Red Petroleum,
Propolis and untreated controls. On the other hand from the number of tunnels larvae
made, the larvae activity can be assessed. (Number of tunnels / the initial number of
larvae) Thisvaueis maximum 1.0. The larvae activity is 0.2 for Biotin R, 0.3 for Red

Petroleum, 0.7 for Propolis, 0.9 for untreated controls.
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When specimens were cut them up in the end of experiment, the depth and
length of tunnel galleries were deep and long for the specimens treated with Propolis
and untreated controls so they were cut them up from the top to the bottom (15 mm
long). On the contrary specimens treated with Red Petroleum and Biotin R, tunnel
galleries were not as deep and long as the specimens treated with Propolis and
untreated controls so they were cut them up until the middle (7-8 mm long).

The value of larvae activity demonstrates not only how many tunnels one
larva made but also how active they are and how much they could destroy (make
tunnel galleries in specimens) wood specimens. Specimens treated with Propolis and

untreated controls were sufficiently infested by larvae and specimens treated with Red

Petroleum and Biotin R were not infested as much.

LAY L0 SN

(a) Biotin R (B3) 12 slices and solid (b) Untreated control (C3) 19 slices

Fig.4.38. Thin dlices of specimen after cutting

4.2.2 Naked-eye observation

Firstly, after 4 weeks, naked-eye observation was carried out (Fig.4.39.). One
specimen in Red Petroleum and two specimens in Biotin R had almost no frass and 9
or 10 dead larvae were recovered on each surface without making tunnels. On the

other hand specimens treated with Propolis and untreated control specimens were
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observed with a lot of powdery frass. Apparently larvae exposed on the specimens
treated with Propolis and untreated references were much more active than ones
exposed on specimens treated with Red Petroleum and Biotin R. One mound of frass
was almost one tunnel gallery.

The naked eye observation was proved objectively with the value of larvae
activity. Preservative treatments were more active, they produce less frass or they
cannot pass through the treatment on the surface of wood. It means more frass were

detected; the specimens will have more insect attack.

Red Petroleum

Propolis

Biotin R

Untreated
Control

Fig.4.39. Naked-eye observation after 4 weeks before removing covered glass

Secondly, the covered glasses on specimens were removed and powdery frass
was cleaned up by brushing in order to count roughly how many holes larvae
produced (Fig.4.39.). The specimens (R1, B4 and B5) did not have any holes for
tunnel gallery on surface but there was a very little quantity of frass. There were some
superficial traces larvae made but they could not make tunnel gallery in wood.

Unaided eye observation was not perfect to count precisely because a small
circular entrance hole of tunnel, packed with powdery frass is not so visible and

obscure. As a complimentary observation, stereomicroscopy observation was
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necessary.

Red Petroleum

Propolis

Biotin R

Untreated
Control

Fig.4.40. Naked-eye observation after 4 weeks after removing covered glass
The surface condition after 12 weeks had no difference after 4 weeks
(Fig.4.40.). The reason should be that larvae activity was in the wood specimens to

make tunnels after 4 weeks experiment, not superficial.

4.2.3 Stereomicroscopy

After 4 weeks the surface conditions of specimens were observed by
stereomicroscope. At the circular gallery the occupied longitudinal tunnel is blocked
either by shredded wood or a mixture of shredded wood and frass. Most of the
vacated tunnels were blocked by frass (Fig.4.41.(a)). There were some holes without
frass after cleaning by brushing (Fig.4.41.(b)). Those holes were possible with no
larvae inside. One larva was observed at the entrance of hall by stereomicroscope
(Fig.4.41.(c)). Our naked-eye has a limitation to see the detail surface of specimens

but by stereomicroscope more detail surface condition could be observed.
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(a) Hallesfilled with frass (b) Hall without frass (c) Larvaat the entrance hall
Fig.4.41. Surface conditions after 4 weeks

After 12 weeks specimens were cut up to thin slices with microtome and

those thin slices were observed by stereomicroscope. It was difficult to recover live

larvae (Fig.4.42.) and dead larvae (Fig.4.43) with unaided eye, particularly dead

larvae. Because the body color of dead larvae changed and the body shrunk. The

difficulty to recover larvae was that when specimens were cut up to thin layers, it was

quite possible to make fall down dead larvae because they shrunk and got dry.

Fig.4.42. Recovered live larva Fig4.43. Recovered dead larvae after 12 weeks
after 12 weeks

After specimens were cut them up to thin slices, some larvae in tunnel gallery
were recovered (Fig.4.44.). It was not easy to recover live larvae due to the similar
colour of live larvae and wood substance. When there is a hole packed with frass in

tunnel galery, normaly live larvae are the end of the tunnel gallery.
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Fig.4.44. Recovered live larvae in tunnel gallery after 12 weeks

4.2.4 X-ray Radiography

After 4 weeks and 12 weeks of experiment, further x-ray radiography
analyses were carried out in order to observe how many live larvae were inside the
wood specimens (Fig.4.45.). There was some gap between the number of live larvae
recovered after cutting them up and the number of larvae recovered by x-ray
radiography image. Dark tones identify woodworm tunnels, because that is where the
piece of wood worm tunnels, because that is where the piece of wood has been
weakened (Pinna et al., Eds., 2009). Light tones identify larvae, because the larvae
have rich of quantity of water, and the color becomes lighter than wood substance.
After 12 weeks, larvae are still tiny and it is not so visible on the image of
radiography but a rough idea can be obtained by x-ray radiography image. When
specimens were infested enough, it is easy to see the larvae and damage in wood
(Fig.4.45.(a)). X-ray radiography images were observed with magnification in order

to check precisely and carefully.
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21 0409 2

(a) After 4 weeks; Propolis and
untreated control specimens,
two specimens in the center
after 10 months (they were
put for comparison)

(b) After 4 weeks; Propolis
(P4 and P5), untreated
control (C2), Red
Petroleum (R2 and R5)
and Biotin R (B3)

(c) After 12
Propolis (P4 and P5),
untreated control (C2),
Red Petroleum (R2 and
R5) and Biotin R (B3)

weeks;

Fig.4.45. X-ray radiography image after 4 and 12 weeks
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CHAPTER 5:
CONCLUSIONS



6.1 Conclusions

In this thesis, Romanian traditional products (FRsdroleum and Propolis)
utilized for wood preservation for cultural heritagand Biotin R (commercial
antifungal product used as a reference) were aedlyz order to assess the efficacy
against mould and insect attack and impact on wpbwgsical parameters. The
advantage of these solutions is considered to blgical, lower cost and without
health risk. (Sandu et al. 2008) When the treatmerdpplied, the first thing to
consider is the health hazard for the staff andnsure that protective measures are
used (Florian 1997). From this point of view, Romaantraditional products have
some advantages.
Effectiveness against mould and insect attack
Mould attack

Effectiveness for mould attack was studied durimg éxposure to different
relative humidity (RH) at equilibrium. Samples texh with Red Petroleum and
Propolis were compared to untreated samples angblsatreated with Biotin R.
Effectiveness was evaluated with the results ofialisssessment for 100% relative
humidity at equilibrium as well.

In conclusion, Red Petroleum and Propolis are mtivex for mould while
Biotin R is very active, as it is known for antiAigal product. Mould attack is mostly
concentrated in the painted layer, where the tempeontaining glue and egg,
enhance nutrition availability for moulds. Furthem®s, materials that are very
hygroscopic like wood and materials that have eigffit nutrients are the most
susceptible to mould attack (Block 1953) and thgetypf coating systems had a
greater influence on the surface, where the mordavg, than on the wood substrate
itself (Ahola et al., 2002). In this research itshiaeen proved that especially the

nutrient content of wood surface (tempera paintintgnsifies the mould growth and
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samples treated with Biotin R (antifungal-produfti) the whole surface have no
mould attack.

Wood samples without tempera (naked wood) are mumte resistant against
mould attack than sample with tempera painting. Most resistant species of naked
wood is oak, followed by lime and poplar. The miesgistant species with tempera
painting is lime wood. It is shown that extractivadswood have influence on mould
attack. Terpens would have effect on mold attacKifoe, and tannin for oak. These
minor extractive compounds have antimicrobial atstiand could prevent a microbial
attack.

The various fungal species generally called “moluldgi” are not able to
digest the chemical compounds composing the cdll(agllulose, hemicellulose and
lignin), and in our experiment wood is a supporttfiem. On the contrary, they are
able to utilize the substances composing the varlayers of what we called the
painted layer. Painted layer is more attractive rfiould than differences between
wood species. It seems that oak and lime wood comteractives that disturb the
presence of mould fungi. On the contrary poplar @vdoes not disturb the presence
of those fungi.

However, the durability of mould attack is depertdem the quality of wood
surface. Moreover, the reduction in average mastontent and in the period of time
when the wooden artifact is displayed in high RHhditon is enough to allow
slowing down the rate of mould attack.

The fact that should be underlined is that aftegnedrying, the painted layer
of the sample which had massive mould attack, bnolcepieces or presented serious
detachment. It happened only in poplar specimeg;hwexhibited the most mould
attack. Oven-dry state is extreme and it never @appn normal condition but these

results show that mould attack has surely an enasmimpact on the durability of
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painted layer and accelerate the deterioration asfep painting in time, even if
structural damage is very small.
Insect attack

Effectiveness for insect attack was studied in etaoce to European
Standard, EN 46-1 (2005). The efficiency againsteat attack of the Romanian
traditional treatments (Red Petroleum and Propalis) Biotin R was assessed.

In conclusion, Bition R, even if is not a real ioBeide but a fungicide, is the
most active product against insect attack of threethproducts, followed by Red
Petroleum, Propolis and untreated reference. Thavsli rate of larvae in Biotin R
(0%) and Red Petroleum (13%) is smaller than PreddB3%) and untreated wood
control (73%). This result demonstrated that RettoRum is slightly active and
Propolis is not so active. Objective of an insed#cis primarily a repellent effect
against insect inlet so that the fact that someakmpass the superficial treatment
means that the preservative treatment is not acBué it must be emphasized that
Red Petroleum and even Propolis had less attaokuht@eated controls.

Colour measur ement

Colorimetry has been used in order to measure ¢heuc before and after
varnish and treatment, and during the exposurédfateht RH at equilibrium.

Varnish does not affect, while there are someedffices after treatments
application. Colour did not change so much after dpplication of Red Petroleum
and the colour difference was almost not percegptildn the contrary, Propolis
affected a lot the colour. The chromaticity paramebf b* (+b* for yellow and -b*
for blue) increased after the treatment of Propditie colours become yellowish after
the treatment with Propolis on the whole. The dédfeee was obvious, especially for

white colour. Light colour is more sensitive tharldone.
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During the exposure at different RH, the colourndes significantly at 100%
RH at equilibrium and this is mainly due to the rdoattack. There are also some
other factors as they are mentioned in mould attzait (Chapter 5). The colour
difference is dependent on the intensity of moutdck and the colour of mould.
Mould attack and the difference of colour are datexl to each other. However, it is
not necessarily correlated in case the colour aflch@s similar with the colour of the
painted layer.

The colour in panel painting has a fundamentalartgnce during the process
of conservation and restoration. It is one of thestwital missions to keep original
colour as much as possible in conservation andnagin process.

Penetration and chemical interaction between solutions and wood substance

The penetration of solutions (Red Petroleum andpélis) was fully
characterized by FTIR-ATR analysis, providing shiéamarkers for the identification
of the solutions. In particular, FTIR-ATR studie$ solutions and treated wood
samples proved the penetration of treatment prediregd Petroleum and Propolis) in
wood.

In conclusion, Red Petroleum penetrates a lot, eviifopolis does not
penetrate and remains only on the surface. How®ext,Petroleum does not interact
chemically with wood substance and it is easy vdat in oven-dry condition. On
the contrary Propolis interacts chemically and regghp with wood substance and
hardly volatilized, even in oven-dry condition andnsequently Propolis remains
where it penetrated, on the surface.

Physical parameter

Treatment by immersion has impact on wood physgalameter while

treatment by brushing does not have significantaichpWWhen the treatment is applied

by immersion, penetration of solution affects tingygical parameters. Especially Red
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Petroleum has an apparent impact on moisture co(W&D) due to the penetration of
solution, while Propolis does not penetrate so maisti remains only on surface
therefore Propolis does not have so much impa&easPetroleum. However, if the
weight of the solution penetrated in wood is eliated, there is not significant
difference in MC between treated samples and uetlesamples.

Considering physical parameter, dimensional stgbils an important
parameter. The variation of wood moisture contentses shrinkages/swelling of the
wood that polychrome layer can only partially felloThe size of wooden support
varied under different moisture conditioning; thairped layer cannot completely
follow its deformation, and consequently this le&mlslegradations and deteriorations
caused by detachment. That detachment affectsdlyehpome stratification of the
panel painting and eventually the connections betwedhe different layer
compositions of the panel painting. In fact, wogdai hygroscopic and anisotropic
material while the painted layer is less hygroscopnd isotropic. This wood
characteristic produces distortions during drying aromotes detachment of painted
layer. Detachment of painted layer is observedfiooh the edge but from the middle
of panel, and the presence of knots (defect) presndetachment more than normal
state wood. A further approach could be the amalydi the behavior of the

connections between layers.
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6.2 Critical assessment for thisresearch and suggestionsfor futureresearch

As stated, there are few published resources fer @ the impact of
Romanian traditional treatments (Red Petroleum Brapolis) when determining
what type of conservative treatment is reasonal@dnel painting and a given site’s
budget and condition. Most of the information relyag to this area is not fully
covered in the literature, making this difficult imd all information dedicated for
panel painting. While this investigation is an gattempt to determine the impact of
treatment, the first recommendation for future aeske is to continue to study the
impact of these traditional treatments and undiéeréint environmental conditions. It
would be useful to consider new environmental fitlgrpreservative products. This
study gives an indication of the impact of treattsgonly for some environmental
conditions and is not statistically robust enoughdetermine the whole impact. A
study of a greater number of panel paintings wquidvide a stronger statistical
analysis of the impact on panel painting.

Moreover, this study was conducted on small woodpdas and, as always,
we can not immediately transfer the results obthioe small samples to real case
dimensions. Because in real case, there is a |lamy@bility of wood technological
characteristics and natural presence of wood defégtain deflections, knots,
localized presence of sapwood, etc.) and presehoesect/fungi attack. Support of
panel painting is frequently panels, i.e. it is gaeed of more than one wooden board.
Therefore in real cases, what should be previewethe presence of connections
between single elements and a complex behavioltirgsfrom interactions between
single elements. But in order to collect data feerdual future experiments on real
painted panels, it was crucial to perform a fiedtaf experiments on small-dimension

painted samples as in this research.
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The final recommendation for future research ialtow more time to collect
data from different conditions. This study was ctetgrl over two years and half, yet
that was not enough time to do experiments in nabiferent conditions, different
species of wood, different pigment and so on. Tihe thecessary for wood until
reaching the equilibrium took much longer time thamicipated to obtain data,
especially for high relative humidity.

In the end, it is the author’s hope that this thegll lead to more conservators,
restorers and other preservation professionalstestigate the treatment for panel
paintings, especially those professional in Romalhishould be underlined that this
study was conducted, considering wood as a mataniglsupport of panel painting.
The technological behavior of the support is im@orto be considered together with
the decorated painted layer, they act togetheptopose the piece of art. This study
presents the framework for such kind of investmatiand it is hoped that future
researchers will refine and improve it. Doing sdl Wwelp the preservation community
as a whole to find affordable ways to preserve itttegrity of panel painting for

future generations.
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